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RESUMO

Apesar de toda a evolugdo farmacoldgica e de meios complementares de diagndstico possivel nos
ultimos anos, o enfarte agudo do miocdrdio e a morte siibita continuam a ser a primeira
manifestagcdo da aterosclerose corondria para muitos doentes, que estavam previamente

assintomaticos.

Os exames complementares de diagnostico tradicionalmente usados para avaliar a presenca de
doenga corondria, baseiam-se na documentagdo de isquémia do miocdrdio e por este motivo a

sua positividade depende da presencga de lesdes corondrias obstrutivas.

As lesbdes corondrias ndo obstrutivas estio também frequentemente implicadas no
desenvolvimento de eventos corondrios. Apesar de o risco absoluto de instabilizacdo por placa
ser superior para as lesdes mais volumosas e obstrutivas, estas sio menos prevalentes do que as
placas ndo obstrutivas e assim, por questdes probabilisticas, os eventos corondrios resultam com

frequéncia da rotura ou erosao destas ultimas.

Estudos recentes de imagiologia intracorondria avancada forneceram evidéncia de que apesar
de ser possivel identificar algumas caracteristicas de vulnerabilidade em placas associadas ao
desenvolvimento subsequente de eventos corondrios, a sua sensibilidade e especificidade é
muito baixa para aplicacao clinica. Mais do que o risco associado a uma placa em particular, para
o doente podera ser mais importante o risco global da sua arvore coronaria reflexo da soma das
probabilidade de todas as suas lesdes, sendo que quanto maior for a carga aterosclerdtica maior

sera o seu risco.

A angio TC cardiaca é a mais recente técnica de imagem ndo invasiva para o estudo da doenga
corondria e surgiu nos ultimos anos fruto de importantes avangos na tecnologia de TC
multidetectores. Estes avangos, permitiram uma progressiva melhoria da resolu¢do espacial e
temporal, contribuindo para a melhoria da qualidade dos exames, bem como uma significativa
reducdo da dose de radiagdo. A par desta evolugdo tecnoldgica, foi aumentando a experiéncia e
gerada mais evidéncia cientifica, tornando a angio TC cardiaca cada vez mais robusta na
avaliacdo da doenga coronaria e aumentando a sua aplicabilidade clinica.

Mais recentemente apareceram varios trabalhos que validaram o seu valor prognéstico,

assinalando a sua chegada a idade adulta.

Para além de permitir excluir a presenca de doenga corondria e de identificar a presenca de
estenoses significativas, a angio TC cardiaca permite identificar a presenca de lesdes corondrias
ndo obstrutivas, caracteristica impar desta técnica como modalidade de imagem ndo invasiva.

Ao permitir identificar a totalidade das lesdes aterosclerdticas (obstrutivas e ndo obstrutivas), a
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angio TC cardiaca podera fornecer uma quantificagdo da carga aterosclerética corondria
total, podendo essa identificacdo ser util na estratificagdo dos individuos em risco de eventos

coronarios.

Neste trabalho foi possivel identificar preditores demogrdficos e clinicos de uma elevada carga
aterosclerética coronaria documentada pela angioTC cardiaca, embora o seu poder
discriminativo tenha sido relativamente modesto, mesmo quando agrupados em scores clinicos.
Entre os varios scores, o desempenho foi um pouco melhor para o score de risco cardiovascular
Heartscore. Estas limita¢cdes espelham a dificuldade de prever apenas com base em varidveis
clinicas, mesmo quando agrupadas em scores, a presenca e extensdo da doenga coronaria.

Um dos factores de risco classicos, a obesidade, parece ter uma relacdo paradoxal com a carga
aterosclerotica, o que pode justificar algumas limitagdes da estimativa com base em scores
clinicos

A diabetes mellitus, por outro lado, foi um dos preditores clinicos mais importantes,
funcionando como modelo de doenc¢a corondria mais avanc¢ada, atil para avaliar o desempenho

dos diferentes indices de carga ateroscleroética.

Dada a elevada prevaléncia de placas ateroscleroéticas identificdveis por angio TC na arvore
corondria, torna-se importante desenvolver ferramentas que permitam quantificar a carga
aterosclerdtica e assim identificar os individuos que poderdo eventualmente beneficiar de
medidas de prevencdo mais intensivas.

Com este objectivo, foi desenvolvido um indice de carga aterosclerética que redne a informacao
global acerca da localizacdo, do grau de estenose e do tipo de placa, obtida pela angio TC cardiaca,
o CT-LeSc. Este score podera vir a ser uma ferramenta util para quantificagdo da carga
aterosclerética corondria, sendo de esperar que possa traduzir a informac¢do prognéstica da

angio TC cardiaca.

Por fim, o conceito de drvore corondria vulnerdvel podera ser mais importante do que o da
placa vulneravel e a sua identificagdo pela angio TC cardiaca podera ser importante numa
estratégia de preven¢do mais avancada. Esta poderd permitir personalizar as medidas de
prevengdo primdria, doseando melhor a sua intensidade em func¢do da carga ateroscleroética,
podendo esta vir a constituir uma das mais importantes indica¢cdes da angio TC cardiaca no

futuro.
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ABSTRACT

Despite the significant advances made possible in recent years in the field of pharmacology and
diagnostic tests, acute myocardial infarction and sudden cardiac death remain the first
manifestation of coronary atherosclerosis in a significant proportion of patients, as many were

previously asymptomatic.

Traditionally, the diagnostic exams employed for the evaluation of possible coronary artery
disease are based on the documentation of myocardial ischemia and, in this way, they are

linked to the presence of obstructive coronary stenosis.

Nonobstructive coronary lesions are also frequently involved in the development of coronary
events. Although the absolute risk of becoming unstable per plaque is higher for more obstructive
and higher burden plaques, these are much less frequent than nonobstructive lesions and
therefore, in terms of probability for the patient, coronary events are often the result of rupture

or erosion of the latter ones.

Recent advanced intracoronary imaging studies provided evidence that although it is possible
to identify some features of vulnerability in plaques associated with subsequent development of
coronary events, the sensitivity and sensibility are very limited for clinical application.

More important than the individual risk associated with a certain plaque, for the patient it might
be more important the global risk of the total coronary tree, as reflected by the sum of the
different probabilities of all the lesions, since the higher the coronary atherosclerotic burden, the

higher the risk for the patient.

Cardiac CT or Coronary CT angiography is still a young modality. It is the most recent
noninvasive imaging modality in the study of coronary artery disease and its development was
possible due to important advances in multidetector CT technology. These allowed significant
improvements in temporal and spatial resolution, leading to better image quality and also some
impressive reductions in radiation dose. At the same time, the increasing experience with this
technique lead to a growing body of scientific evidence, making cardiac CT a robust imaging tool
for the evaluation of coronary artery disease and increased its clinical indications. More
recently, several publications documented its prognostic value, marking the transition of cardiac

CT to adulthood.
Besides being able to exclude the presence of coronary artery disease and of obstructive lesions,

Cardiac CT allows also the identification of nonobstructive lesions, making this a unique tool in

the field of noninvasive imaging modalities.
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By evaluating both obstructive and nonobstructive lesions, cardiac CT can provide for the
quantification of total coronary atherosclerotic burden, and this can be useful to stratify the

risk of future coronary events.

In the present work, it was possible to identify significant demographic and clinical predictors
of a high coronary atherosclerotic burden as assessed by cardiac CT, but with modest odds ratios,
even when the individual variables were gathered in clinical scores.

Among these different clinical scores, the performance was better for the Heartscore, a
cardiovascular risk score.

This modest performance underline the limitations on predicting the presence and severity of
coronary disease based only on clinical variables, even when optimized together in risk scores,
One of the classical risk factors, obesity, had in fact a paradoxical relation with coronary

atherosclerotic burden and might explain some of the limitations of the clinical models.

On the opposite, diabetes mellitus was one of the strongest clinical predictors, and was
considered to be a model of more advanced coronary disease, useful to evaluate the performance

of different plaque burden scores.

In face of the high prevalence of plaques that can be identified in the coronary tree of patients
undergoing cardiac CT, it is of utmost importance to develop tools to quantify the total coronary
atherosclerotic burden providing the identification of patients that could eventually benefit from

more intensive preventive measures.

This was the rational for the development of a coronary atherosclerotic burden score, reflecting
the comprehensive information on localization, degree of stenosis and plaque composition
provided by cardiac CT - the CT-LeSc.

This score may become a useful tool to quantify total coronary atherosclerotic burden and is

expected to convey the strong prognostic information of cardiac CT.

Lastly, the concept of vulnerable coronary tree might become more important than the concept
of the vulnerable plaque and his assessment by cardiac CT might become important in a more
advanced primary prevention strategy. This could lead to a more custom-made primary
prevention, tailoring the intensity of preventive measures to the atherosclerotic burden and this

might become one of the most important indications of cardiac CT in the near future.
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Capitulo 1: Descrigdo geral da tese

Capitulo 1.

Descricao geral da tese

RESUMO:

Neste capitulo é feita uma introdugdo geral ao tema da tese, a utilidade da angio TC cardiaca na avaliacdo da doenca
coronaria. Apesar de a principal indicagdo da angio TC ser a exclusdo de doenca obstrutiva, fruto do seu elevado valor
preditor negativo, esta é uma técnica que permite também documentar a presenca de lesoes ndo obstrutivas e assim a
presenca e a extensao da aterosclerose corondria desde as suas fases iniciais.

Na presente tese é dado um particular énfase a esta capacidade da angio TC objectivar a carga aterosclerdtica coronaria
que se espera poder vir a contribuir no futuro para uma mudanga no paradigma de avaliacdo da doeng¢a coronaria.

A possibilidade de se poder identificar os individuos em risco de eventos poderd contribuir para mudar a dramatica
forma de apresentagdo inaugural da doen¢a coronaria que, para muitos doentes, continua a ser o enfarte agudo do
miocardio e a morte stbita.

Apds esta introdugdo tedrica, sdo descritos os objectivos, a metodologia empregue, bem como os principais resultados da
populagdo incluida na tese.

Por fim, é feita uma descri¢do sumadria dos diferentes capitulos incluidos na tese.

ABSTRACT:

In this chapter, a general introduction to the subject of the present thesis, the use of cardiac CT in the evaluation of
coronary artery disease, is provided.

Although the main indication for cardiac CT is the exclusion of obstructive disease, due to it's high negative predictive
value, this is a technique that enables the visualization of nonobstructive lesions and, therefore, the presence and
extension of coronary atherosclerosis even at earlier stages.

In the present thesis, this ability of cardiac CT to document the coronary atherosclerotic burden is emphasized and it is
expected that it might lead in the future to a paradigm shift in the evaluation of coronary artery disease.

The potential for the identification of patients at risk of acute events might contribute to change the dramatic initial
presentation of coronary artery disease that for many patients is still and acute myocardial infarction or sudden cardiac
death.

After this theoretical introduction, the objectives and the methodology of the thesis are described, as well as the main
results of the studied population.

Finally, a brief overview of the different chapters included in the thesis is provided.
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1.1 INTRODUGCAO GERAL

Apesar dos avang¢os que temos vindo a acompanhar nos ultimos anos no diagnéstico e
tratamento das doengas CV, estas continuam a ser a principal causa de morte nos paises
desenvolvidos, sendo responsaveis por mais de 4 milhdes de mortes por ano na Europa e
contribuindo com uma elevada percentagem (47%) de todas as causas de morte, de acordo com
estatisticas europeias recentes (1).

Neste campo, a doenga coronaria (DC) é o principal protagonista, ndo sé pelo contributo relativo
para a fatia das doencas CV, mas sobretudo pela sua dramadtica e frequente forma de
apresentacdo inaugural que numa percentagem elevada dos doentes continua a ser o EAM e a
morte subita. A DC é responsavel por cerca de 75% dos casos de morte subita cardiaca e em 2/3
dos casos nas mulheres e 50% dos casos nos homens ndo existia histoéria prévia de doenca
cardiaca (2). Estes eventos clinicos irreversiveis sdo assim a primeira manifestacao de DC
numa significativa percentagem de doentes, que previamente ao evento estavam assintomaticos
e muitos deles ndo seriam considerados de elevado risco de acordo com a actual metodologia de
estratificacdo clinica. Num estudo realizado apés a divulgacdo das recomenda¢des do NCEP-
ATPIII (3), foi feita a avaliacdo retrospectiva do perfil de risco clinico de doentes que sofreram
um EAM inaugural, sendo concluido que apenas 25% dos homens e 18% das mulheres seriam
classificados como de alto risco, definido por essas recomendag¢des como tendo um risco de
eventos CV a 10 anos >20% (4) . Num outro trabalho, foi caracterizado o risco CV numa
populagdo de 1113 doentes com um EAM inaugural usando o Heartscore. Nesta populagdo, mais
de metade nio seria classificada como de elevado risco previamente ao evento, sendo que apenas
28% tinha um Heartscore entre 5 e 10%, s6 14,6% teriam um Heartscore 210% e a prevaléncia
de outros qualificadores de alto risco como a diabetes (19,4%), doenca vascular periférica (2,6%)
e doenca cérebro-vascular (4,5%) era igualmente baixa (5).

Numa publicagdo mais recente, foi avaliada a evolugdo temporal do perfil demografico e de
factores de risco em 138.122 doentes com EAM incluidos no registo da “American Heart
Association Get With the Guidelines Coronary Artery Disease program” (AHA GWTG-CAD), entre
2003 e 2008, verificou-se uma redugdo significativa da idade média dos doentes, com um
aumento da percentagem de doentes com enfarte abaixo dos 45 anos que ja representavam 11%
no ultimo ano deste estudo e mais de metade dos doentes (60% no dltimo ano do registo) tinham
<65 anos (6).

Assim, existem presentemente limitacdes na identificacdo dos individuos em risco com base no
perfil demografico e clinico, mesmo quando agrupados em scores clinicos (tema do capitulo 5),
sendo este o racional para o desenvolvimento de métodos para identificagdo e estratificacdo dos
individuos em risco de eventos CV.

Nos ultimos anos, com os avangos tecnoldgicos na area da tomografia computorizada, com
melhorias progressivas da resolucdo espacial e temporal, tornou-se possivel a avaliagdo das

estruturas cardiacas por TC, nomeadamente permitindo a realizacdo de uma coronariografia de
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modo ndo invasivo, bem como uma progressiva reducao da dose de radiacdo (aspectos melhor
desenvolvidos no Capitulo 5). Na sua fase inicial, a angio TC cardiaca foi validada por
comparacdo com a coronariografia por cateterismo cardiaco, tendo sido demonstrado o seu
elevado valor preditor negativo, tornando assim esta técnica particularmente util para exclusao
de DC obstrutiva (7). Esta é uma das actuais indicacdes para esta técnica, sendo as suas

indicacgoes clinicas abordadas no Capitulo 3.

No entanto, desde cedo percebeu-se que nas imagens de tomografia obtidas na angio TC cardiaca,
era possivel identificar ndo s6 o limen opacificado por contraste, mas também a parede vascular,
permitindo assim avaliar a presenc¢a de DC ndo obstrutiva. Assim, ficou claro que esta era uma
técnica que permitia identificar a presenca e a extensdo da aterosclerose corondria, fornecendo
informacgdo acerca da localizagdo das lesdes, grau de obstrucdo e tipo de placas ateroscleréticas
(calcificadas, ndo calcificadas ou mistas).

Esta informag¢do global da carga aterosclerdtica corondria é uma caracteristica particular da
angio TC cardiaca, sendo a Unica técnica que a pode avaliar de modo ndo invasivo, uma vez que
os habituais exames de diagndstico empregues para avaliar a presenca de DC baseiam-se na
documentac¢do de isquémia do miocardio. Esta, para ocorrer, depende da presenca de estenoses
corondrias significativas nao detectando assim placas ateroscleréticas, mesmo de volume
importante, mas cujo remodeling positivo faz com que ainda ndo condicionem uma reduc¢do
significativa do limen vascular (8).

No entanto é muito frequente encontrar placas ateroscleréticas na arvore corondria mesmo
numa populacdo sem antecedentes de DC. Num estudo recente, numa populacdo referenciada
para angioTC cardiaca para avaliacdo de eventual DC, sé 44% dos doentes sem diabetes e 26%
dos doentes com diabetes apresentavam uma arvore corondria sem placas identificaveis por
angioTC cardiaca (9). Assim, torna-se importante desenvolver indices que permitam quantificar

a carga ateroscleroética corondria, identificando em que casos se podera justificar uma prevencio

mais agressiva, mesmo na auséncia de DC obstrutiva - tema desenvolvido no Capitulo 8.
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1.2 OBJECTIVOS

1. Identificar preditores demograficos, clinicos e de scores de risco para uma elevada carga

aterosclerotica, avaliada pela angioTC cardiaca.

2. Avaliar o desempenho de 3 scores clinicos (HeartScore, Morise e Diamond-Forrester) na
identificacdo da presenca e da gravidade da DC (obstrutiva e ndo obstrutiva) documentada por

angioTC cardiaca.

3. Desenvolver um indice de carga aterosclerética que redna a informacao global acerca da

localizacgdo, do grau de estenose e do tipo de placa, obtida pela angioTC cardiaca.
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1.3 METODOS
1.3.1 - Populagao estudada

Foram incluidos doentes consecutivos que realizaram angio TC cardiaca durante 1 ano (de 1 de
Abril de 2011 a 31 de Margo de 2012) no Centro de Imagiologia do Hospital da Luz.
0 estudo foi aprovado pela comissao de ética (anexo 1) e os doentes deram o seu consentimento
informado (anexo 2).
Foram excluidos os doentes em fibrilhacdo auricular ou outras arritmias significativas durante o
exame que levassem a compromisso significativo da qualidade do exame, bem como os doentes
referenciados para realizagdo isolada de score de calcio. Foram igualmente excluidos os doentes
referenciados para angio TC cardiaca nos quais se optou pela ndo administracdo de contraste
iodado, nomeadamente doentes com antecedentes alérgicos e doentes com score de cdlcio
elevado (em absoluto na arvore corondaria e/ou com distribuicdo preferencial concéntrica e em
segmentos proximais).
Foi realizado um questionario para caracterizacao detalhada dos factores de risco e colhida uma
historia clinica sumaria para avaliar a presenca e tipo de dor toracica, bem como os antecedentes
cardiacos, nomeadamente de enfarte do miocardio e de procedimentos de revasculariza¢do. Foi
feita ainda uma consulta das analises laboratoriais e dos exames complementares de diagnéstico
previamente realizados. A informacao foi recolhida numa folha de colheita de dados, onde foi
igualmente preenchida a informacgdo acerca do protocolo nomeadamente: Kkilovoltagem da
ampola, tipo de aquisicdo (prospectiva ou retrospectiva), dose de contraste, dose de radiacao,
frequéncia e ritmo cardiaco durante a aquisi¢ao. Foi ainda feito o registo do peso, da altura e da
tensao arterial do doente (anexo 3).
Esta informacao recolhida permitiu assim:
a) Caracterizar a dor toracica em 3 tipos:
-Tipica, na presencga das 3 seguintes caracteristicas

1- Dor ou desconforto retroesternal

2- Desencadeada pela esforco fisico ou stress emocional

3- Aliviada com o repouso e/ou com uso sublingual de nitratos
-Atipica, na presenca de 2 das anteriores caracteristicas

-Toracalgia inespecifica, na presenc¢a de apenas uma ou nenhuma das anteriores (10, 11)

b) Colheita dos factores de risco:

-Diabetes mellitus, definida como glicemia em jejum =126 mg/dl ou uso de antidiabéticos orais
e/ou insulina.

-Dislipidémia, definida como colesterol total 2190 mg/dl ou uso de fairmacos hipolipemiantes.
-Hipertensao arterial, definida como TA = 140/90 mmHg ou uso de farmacos hipotensores.
-Obesidade, definida como IMC 230 kg/m?2.

-Tabagismo, considerado se corrente ou ex-fumador <1 ano.
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-Histéria familiar de doenga CV prematura, definida como antecedentes de DC em familiares de

12 grau antes dos 55 anos (homens) ou dos 65 anos (mulheres).

c) Classificacdo da indicacao para a realizacdo do exame.

Para a presente andlise foram incluidos os doentes que realizaram a angio TC cardiaca pelas
seguintes indica¢des clinicas:

-Avaliagdo de eventual DC no contexto de exames prévios duvidosos, inconclusivos ou
discordantes com a avaliagao clinica.

-Avaliac¢do de possivel DC sem exames de isquémia prévios.

-Avaliacdo de DC no estudo prévio a cirurgia cardiaca nao coronaria (valvular e/ou aorta).

-Avaliac¢do de possivel DC em cardiomiopatias (dilatada ou hipertrofica).

Foram excluidos os doentes com

-Antecedentes de enfarte do miocardio e/ou revascularizagdo (angioplastia ou cirurgia
coronaria).

-Angio TC cardiaca realizada no contexto do servigo de urgéncia (suspeita de Sindrome coronério
agudo e/ou miocardite).

-Angio TC cardiaca realizada por outro motivo que nao para avaliacdo de DC (Ex: estudo prévio a

ablacdo de fibrilhacdo auricular ou implantagdo percutanea de valvula aértica)

d) Calculo dos indices de probabilidade pré-teste de doenca coronaria (Score de Diamond-

Forrester e Score de Morise) e de risco cardiovascular (HeartScore).

O score de Diamond-Forrester foi calculado a partir da informag¢do demografica (sexo, idade) e
caracteristicas da dor, de acordo com a metodologia originalmente descrita (12) e a recente
calibracdo do CAD-consortium (13), tendo sido utilizada a calculadora online disponibilizada
para este efeito (14). Uma vez que a populacdo incluida era predominantemente de baixa
probabilidade, optou-se por agrupar as categorias 30-70% e >70% numa unica classe de

probabilidade intermediaria a alta (limiar discriminativo = 30%).

0 score de Morise, foi calculado a partir da informac¢do demografica (sexo, idade), caracteristicas
da dor e factores de risco (diabetes, HTA, dislipidémia, tabagismo, IMC>27 kg/m2). Uma das
variaveis incluidas neste score diz respeito ao estado estrogénico, tendo sido considerado
positivo nas mulheres pré-menopausicas ou sob terapéutica hormonal de substituicdo). A
populagdo foi dividida nos 3 grupos de probabilidade de acordo com o score originalmente
descrito (15): probabilidade baixa (scores 0-8); probabilidade intermédia (scores 9-15);
probabilidade alta (scores=16).
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O Heartscore foi calculado a partir dos dados demograficos (sexo e idade) e factores de risco
(tabagismo, dislipidemia, hipertensao arterial), sendo usada a tabela adequada para paises de
baixo risco CV. Foi usado o limiar estabelecido de 25% para definir a populacao de elevado risco

CV (16).

De acordo com o resultado da angio TC cardiaca, os doentes foram classificados em 3 subgrupos:
1- Sem doenca coronaria identificavel.
2- Doenga coronaria ndo obstrutiva.

3- Doenga coronaria obstrutiva (definida como estenoses = 50%).

1.3.2 - Angio TC cardiaca - aparelho, protocolo de aquisi¢cdo e reconstrucao das imagens
Os exames foram realizados num aparelho de 64 cortes e dupla ampola (Dual-Source CT -
Somaton Definition®, Siemens-Medical). Na preparacdao prévia do doente, foi feito ensino da
respiracdo e a administracdo de nitroglicerina sublingual e/ou betabloqueantes endovenosos,
excepto quando contraindicados.

O contraste iodado (Visipaque, GE Healthcare, USA) foi injectado a 6 ml/s seguido de um bélus de
50ml de soro fisiolégico. A dose total foi calculada pela seguinte férmula: (tempo de aquisi¢do + 6
s) x debito da injec¢do (6 ml/s).

Sempre que possivel foram utilizadas as estratégias disponiveis para reducdo da dose de
radiacdo (modulacao pelo ECG; reducao da kilovoltagem da ampola para 100Kv; aquisicdo com
protocolo prospectivo ou adaptativo). As imagens transaxiais foram reconstruidas com uma
resolu¢do temporal de 83ms, uma espessura de cortes de 0,75mm, com incrementos de 0,4mm. O
pds-processamento foi realizado numa estacio de trabalho dedicada com o software
Circulation® (Siemens-Medical), tendo sido realizadas reconstrugées multiplanares (MPR),

reconstrucdes de projec¢do de intensidade maxima (MIP) e de técnica volumétrica (VRT).
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1.3.3 - Andlise da arvore coronaria

Todos os exames foram revistos por 2 médicos (1 Cardiologista e 1 Radiologista) com
experiencia em angio TC cardiaca (equivaléncia nivel III da Society of Cardiovascular Computed
Tomography - SCCT) (17).

Foi feita uma andlise detalhada da arvore coronaria, sendo seguidas as recomenda¢des da SCCT

(18) para classificacao da localizagao, grau de estenose e tipo de placa:

-Localizacdo de acordo com esquema de segmentacdo coronaria em 18 segmentos

proposto pelo SCCT (Figura 1).
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Figura 1: Esquema recomendado pela SCCT para classificacdo da arvore coronaria em 18 segmentos.

-Grau de estenose: A avaliacdo do grau de estenose foi feita de acordo com a
percentagem de obstruc¢do do limen artéria coronéria, por comparagdo com o diametro do vaso
sem doenca imediatamente abaixo da placa por estimativa visual e pela graduagao proposta pela
SCCT: sem placa ou muito ligeira (<25%); estenose ligeira (25-49%); estenose moderada (50-

69%); estenose severa (70-99%); oclusdo (100%).

-Tipo de placa: A presenca de placa foi definida como uma densidade no ldmen vascular
ou adjacente a este, com densidade diferente do limen vascular e do tecido e gordura
epicardicos, com pelo menos 1mm2 de area. As placas foram classificadas em calcificadas, nao

calcificadas e mistas.
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1.3.4 - Indices de carga aterosclerética coronaria

A presenca e gravidade da DC foi objectivada pelos seguintes indices de carga aterosclerética

coronaria:

1- Segment involvement score (SIS). Este indice traduz o nimero de segmentos
envolvidos por doenga, sendo obtido pela soma do nimero de segmentos com qualquer placa -
minimo 0, maximo 17. Foi usado o limiar discriminativo > 5 segmentos com placa, uma vez que ja

foi validado o seu valor prognéstico em estudos prévios (19, 20).

2- Segment stenosis score (SSS). O score de nimero de segmentos com placa indexado
ao grau de estenose foi obtido pela soma de cada placa de acordo com o seu valor ponderal
(<25%=0; 25-50%=1; 50-70%=2; >70%=3). Este score pode variar potencialmente entre 0 e 51
(17 segmentos x valor ponderal 3). Foi usado o limiar discriminativo > 5, cujo valor prognoéstico

ja foi validado por outro autores (19, 20)

3- Presenga de placa no tronco comum, nos 3 vasos epicardicos ou em 2 vasos com
envolvimento da descendente anterior proximal (Placa TC-3v-2vDAp). Foi criado este indice
para reflectir DC mais extensa, por analogia com a DC obstrutiva avaliada na coronariografia
invasiva onde este tipo de envolvimento associa-se a mau progndstico e a um beneficio

prognéstico da revascularizagdo miocardica (21, 22).

4- Score de Leaman adaptado a angioTC (CT-LeSc). O desenvolvimento deste score foi

um dos objectivos centrais da tese e é descrito em detalhe no Capitulo 8.

5- Como indices de elevada carga aterosclerdtica foram ainda testadas 2 variaveis
determinada a partir do score de cdlcio, obtido em todos os doentes previamente a administragdo
de contraste. Foram criadas as varidveis CaSc >100 (valor absoluto) e a variavel CaSc >p75
(valor relativo), esta ultima traduzindo um grau de calcificacdo acima do esperado para o

percentil 75 de acordo com os normogramas estabelecidos para a idade e o sexo (23).
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1.3.5 - Base de dados e analise estatistica

Os dados demograficos, factores de risco, antecedentes CV, indicagdo para a realizacdo da angio
TC, dados técnicos respeitantes a aquisicdo do exame, bem como do seu resultado apds
processamento das imagens adquiridas (presenca e extensdo da doenga) foram colhidos numa
folha especificamente elaborada para este motivo (anexo 3) e posteriormente introduzidos
numa base de dados.

A andlise estatistica foi realizada no programa SPSS statistics v17 Windows e v19 Mac Os.

As variaveis continuas sdo apresentadas como médias e desvio padrao ou medianas e intervalo
interquartil e as variaveis categdricas como frequéncias e percentagens.

Foram usados testes ndo paramétricos (Mann-Whitney ou Kruskal-Wallis) para comparar as
variaveis continuas e o teste de Qui quadrado para comparar varidveis categoricas. As diferencas
foram consideradas significativas quando o p era <0,05.

Foram construidas curvas ROC (receiver operating characteristics) para avaliar o desempenho
dos scores de risco clinicos, traduzido pela area abaixo da curva ou estatistica-C.

Foi realizada analise multivariavel (regressdo logistica binaria - método “enter”) para identificar
os preditores independentes de DC (presenca de qualquer placa e doenga obstrutiva), usando as
variaveis demograficas e clinicas apresentadas na tabela 1, que foram significativas na analise
univariavel (p<0.05).

Foi feita uma segunda analise multivariavel para identificar os preditores independentes entre os
scores clinicos de probabilidade pré-teste de DC (Diamond-Forrester e Morise) e de risco CV

(Heartscore).

1.4 RESULTADOS

1.4.1 - Populac¢ido incluida

Dos 772 doentes que realizaram angioTC cardiaca durante o periodo de inclusdo de 1 ano, 581
foram incluidos na analise, distribuidos pelas seguintes indica¢des:

-Avaliagdo de eventual DC no contexto de exames prévios duvidosos, inconclusivos ou
discordantes com a avaliagao clinica, n=417, 71,8%.

-Avaliac¢do de possivel DC sem exames de isquémia prévios, n=136, 23,4%.

-Avalia¢do de DC no estudo prévio a cirurgia cardiaca nao corondaria (valvular e/ou aorta), n=17,
2,9%.

-Avaliac¢do de possivel DC em cardiomiopatias (dilatada ou hipertrofica), n=11, 1,9%.
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Foram excluidos da analise 191 doentes (24,7%) pelos seguintes motivos (figura 2):
-Antecedentes de EAM e/ou revascularizagdo (ICP ou CABG), n=70.

-Angio TC cardiaca realizada no contexto do servico de urgéncia (suspeita de SCA e/ou
Miocardite), n=24.

-Angio TC cardiaca realizada por outro motivo que nio para avaliacdo de DC (Ex: estudo prévio a
ablacgio de fibrilhag¢do auricular ou implantagdo percutanea de valvula aértica), n=88.

-Em fibrilha¢do auricular ou com outras arritmias importantes comprometendo

significativamente a qualidade da imagem, n=9.

A distribuicao dos doentes de acordo com a presenca e a gravidade da DC foi a seguinte (Figuras
2e3):

-Normal/Sem placas identificaveis (n=240, 41,3%);

-Doenga corondria nio obstrutiva (n=263; 45,3%);

-Doenga corondria obstrutiva (n=78, 13,4%).

Doentes consecutivos referenciados para Angio TC cardiaca
Abril 2011-Margo 2012
(n=772)

Excluidos (n=182, 24.7%)

1) Angio TC realizada por outro motivo que ndo para
avaliacdo de DC (Ex: Ablacdo FA, pré-VAP) (n=88; 11.4%)

2) Antecedentes de EAM/ICP/CABG (n=70, 9.1%)

3) Servico de urgéncia (possivel SCA) (n=24; 3.1%)

Incluidos (n=590, 76.4%)
Doentes estaveis referenciados para avaliacdo de possivel DC

Excluidos (n=9, 1.6%)
FA ou outras arritmias comprometendo
significativamente a qualidade da imagem (n=9; 1.2%)

Normal/Sem placas DC ndo obstrutiva DC Obstrutiva
(n=240, 41.3%) (n=263, 45.3%) (n=78, 13.4%)

Figura 2: Populagéo incluida.
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Doenga corondria Doenga corondria
Sem doenga corondria ndo obstrutiva obstrutiva
n=241, 40,8% n=270, 45,8% n=79, 13,4%
1vaso n=89, 33% 1vaso n=7, 8,9%
TC ou multivaso n= 181, 67% TC ou multivaso n= 72, 91,1%

Figura 3: Distribui¢do de acordo com a presenca e gravidade da doenga corondria.

Nesta populagdo final (n=581 doentes), foram avaliados 8136 segmentos da arvore coronaria. Os
segmentos com <1,5mm (n=742; 9,1%) ou com qualidade de imagem subé6ptima por artefactos

ou calcificacao severa (n=120; 1,5%) foram excluidos.

A idade média da populagdo foi de 57.6 + 11.1, a maioria era do sexo masculino (55,8%) e a
prevaléncia de diabetes foi de 14,6%. A populagdo incluida era predominantemente de baixa a
intermédia probabilidade de DC, uma vez que 60,1% tinha um score de Diamond-Forrester <30%
e 87,6% um score de Morise <16. Cerca de % dos doentes tinham um risco CV elevado

(HeartScore 25% em 25,5% dos doentes) - tabela 1.

A dose média estimada de radiagdo foi de 4.6 + 3.7 mSv, de contraste foi de 98.9 + 14.4 ml e a

frequéncia cardiaca na aquisicdo foi de 65.6 + 10.6 bpm - tabela 2.
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1.4.2 - Preditores da presenc¢a de doenga coronaria

Foram avaliados os preditores da presenca de DC (qualquer placa) e os preditores da presenca
de DC obstrutiva (estenoses 250%) em analise univariavel (tabelas 3 e 4) e multivariavel (tabelas
5e6).

Nesta andlise, destaca-se de entre os varios factores de risco, para alem dos nao modificaveis
idade e sexo masculino, a diabetes surgiu como um importante preditor da presenca de DC nao
obstrutiva, justificando-se assim a sua andlise mais detalhada apresentada no Capitulo 7. A
obesidade (IMC >30kg/m2) nao foi um preditor da presenca de DC, aspecto discutido no
Capitulo 6.

De entre os scores clinicos, um Heartscore 25%, apesar de ndo ser influenciado pela presenca e
caracteristicas da dor toracica foi o preditor independente mais importante ndo s6 da presenca
de DC mas também de DC obstrutiva. O desempenho do Heartscore e dos scores de probabilidade

pré-teste é discutido no Capitulo 6.
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Tabela 1: Caracteristicas demograficas e clinicas da populagio incluida.

Populagao total

(n=581)
Demogrificas
Idade 57,6 11,1
Sexo masculino 324 (55,8)
Factores de risco
Obesidade (IMC 230) 109 (18,8)
Diabetes mellitus 85 (14,6)
Hipertensao arterial 364 (62,7)
Dislipidémia 360 (62,0)
Tabagismo 138 (23,8)
Histoéria familiar de DC prematura 194 (33,4)
Dor toracica
Assintomatico 270 (46,5)
Toracalgia inespecifica 169 (29,1)
Atipica 109 (18,8)
Tipica 33 (5,7)
Probabilidade de doeng¢a coronaria
DF-CAD consortium 270% 11 (1,9)
DF-CAD consortium 30-70% 221 (38,0)
DF-CAD consortium <30% 349 (60,1)
Score Morise = 16 72 (12,4)
Score Morise 9-15 369 (63,5)
Score Morise 0-8 140 (24,1)
Risco cardiovascular
HeartScore 25% 148 (25,5)

Valores apresentados em média + desvio padrao ou n (%).
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Tabela 2: Resultado global da angioTC cardiaca, do score de calcio e dados técnicos da

populagao incluida.

Populagao total

(n=581)
Resultado da angioTC cardiaca
Normal/Sem placas identificaveis 240 (41,3)
Doenga ndo obstrutiva 263 (45,3)
Doenga obstrutiva 78 (13,4)
Score de calcio
Mediana 1(0-93)
Mediana nos doentes com DAC 64 (8-200)
CaSc=100 136 (23,4)
CaSc = percentil 75 83 (14,3)
Dados técnicos
Frequéncia cardiaca (bpm) 65,6 £ 10,6
Dose de contraste (ml) 98,9 + 14,4
Dose de radiacao (mSv) 4,6 +3,7

Valores apresentados em média *+ desvio padrao, mediana (IQ) ou n (%).
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Tabela 3: Preditores da presenca de doenc¢a coronaria (qualquer placa) - analise

univariavel
Sem DC DC p
(qualquer placa)

(n=240) (n=341)
Idade = 65 34 (14.2) 124 (36.4) <0.001
Sexo masculino 106 (44.2) 218 (63.9%) <0.001
IMC =230 42 (17.9) 67 (19.9) 0.589
Diabetes mellitus 22 (9.2) 63 (18.5) 0.002
Hipertensao arterial 122 (50.8) 242 (71.0) <0.001
Dislipidémia 126 (52.5) 234 (68.6) <0.001
Tabagismo 55 (22.9) 83 (24.3) 0.767
Histoéria familiar de DC prematura 80 (33.3) 114 (33.4) 1.000
Dor toracica 145 (62.0) 166 (49.0) 0.002
DF-CAD consortium 230% 50 (20.8) 181 (53.1) <0.001
Morise 2 16 29 (12.3) 89 (26.4) <0.001
HeartScore 25 19 (7.9) 129 (37.8) <0.001

Valores apresentados em n (%).
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Tabela 4: Preditores da presenca de doenc¢a coronaria obstrutiva - analise univariavel

Sem DC obstrutiva DC obstrutiva p
(estenose 250%)
n=503 n=78
Idade = 65 126 (25,0) 32 (41,0) 0.006
Sexo masculino 266 (52,9) 58 (74,4) <0.001
IMC =230 93 (18,8) 16 (20,8) 0.643
Diabetes mellitus 58 (11,5) 27 (34,6) <0.001
Hipertensao arterial 304 (60,4) 60 (76,9) 0.005
Dislipidémia 305 (60,6) 55(70,5) 0.104
Tabagismo 114 (22,7) 24 (30,8) 0.118
Histoéria familiar de DC prematura 166 (33,0) 28 (35,9) 0.608
Dor toracica 274 (55,4) 37 (47,4) 0.222
DF-CAD consortium 230% 181 (36,0) 50 (64,1) <0.001
Morise 2 16 94 (19,0) 24 (31,2) 0.022
HeartScore 25 107 (21,3) 41 (52,6) <0.001

Valores apresentados em n (%).
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Tabela 5: Preditores independentes da presenca de doenga coronaria (qualquer placa) -

analise multivariavel

Variaveis demograficas e clinicas

OR (IC95%) p
Idade = 65 3,417 2,145-5,445 <0,001
Sexo masculino 2,722 1,849-4,008 <0,001
Diabetes mellitus 1,812 1,024-3,205 0,041
Hipertensao arterial 1,816 1,234-2,672 0,002
Dislipidémia 1,893 1,295-2,768 0,001
Dor toracica 0,620 0,424-0,906 0,014

Scores clinicos

OR (IC95%) p
HeartScore=5 3,896 2,189-6,935 <0,001
DF-CAD consortium 230% 2,623 1,697-4,052 <0,001
Morise 216 2,549 1,568-4,144 <0,001
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Tabela 6: Preditores independentes da presenca de doenga coronaria obstrutiva - analise

multivariavel

Variaveis demograficas e clinicas

OR (IC95%) p
Idade = 65 1,976 1,159-3,369 0,012
Sexo masculino 2,942 1,679-5,154 <0,001
Diabetes mellitus 3,686 2,079-6,533 <0,001
Hipertensao arterial 1,543 0,851-2,798 0,154

Scores clinicos

OR (95% CI) p
HeartScore=5 2,709 1,503-4,880 0,001
DF-CAD consortium 230% 1,884 1,036-3,424 0,038
Morise 216 1,838 1,057-3,197 0,031
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1.4.3 - Desempenho dos scores de risco clinicos

A partir dos dados demograficos, de factores de risco e tipo de dor toracica, foram calculados
diferentes indices (scores) clinicos e testado o seu desempenho para prever a presenc¢a e a
gravidade da DC documentada na angioTC cardiaca.

Esta analise é descrita no Capitulo 6.

1.4.4 -Analise dos doentes com diabetes mellitus

Foi feita uma andlise detalhada do subgrupo de doentes com diabetes mellitus, como subgrupo

modelo de doenca aterosclerdtica mais avangada. Esta analise é descrita no Capitulo 7.

1.4.5. Desenvolvimento de um score de carga aterosclerdtica quantificada por angioTC

cardiaca - CT-LeSc.
Foi desenvolvido um score para quantificar a carga aterosclerética corondaria identificada pela

angioTC cardiaca, englobando informagdo acerca da localizagdo, grau de estenose e tipo de placa.

Este score, o CT-Leaman score, é um dos objectivos centrais desta tese e é descrito no Capitulo 8.
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1.5 DESCRICAO SUMARIA DA TESE

Esta tese esta dividida em 10 capitulos, cuja organizacao é ilustrada pela Figura 4:

No presente capitulo, o capitulo 1, faz-se uma introdu¢io ao tema da doenca coronaria,
contextualizando a sua importancia epidemiolégica, a sua forma de apresentacdo
frequentemente dramatica, que justifica o esforco no desenvolvimento de novos métodos para a
correcta identificacdo dos individuos em risco e do potencial da angio TC cardiaca como meio de
diagnéstico ndo invasivo. Neste capitulo sdo descritos os objectivos e a metodologia da tese,
bem como os resultados da analise geral da populag¢do incluida.

Por fim é feita uma descri¢do sumaria dos diferentes capitulos que a compde.

Os capitulos 2, 3 e 4 prolongam a introdugdo, abordando em mais detalhe alguns aspectos
particulares da doenga corondria, para melhor contextualizacdo do tema da tese.

No capitulo 2, faz-se uma revisdo da Fisiopatologia da doenga coronaria com énfase nos SCA e na
placa vulneravel.

No capitulo 3 é feita uma revisdo das indicag¢des clinicas actuais da angio TC cardiaca.

No capitulo 4 é descrita a capacidade da angioTC cardiaca identificar a presen¢a da doenca
corondria ndo obstrutiva, caracteristica impar entre os varios exames de diagnéstico nao
invasivos em Cardiologia. Neste capitulo é feita uma revisdo dos diferentes marcadores de

aterosclerose subclinica.

O capitulo 5 é um complemento a descri¢cdo da metodologia da tese, sendo descritos os aspectos
técnicos da angio TC cardiaca, destacando-se em particular o uso e dose de radiacdo ionizante
associada a estes exames, com 0s potenciais efeitos estocasticos para a saude e as estratégias
desenvolvidas que conduziram a uma progressiva redu¢do da dose de radiagcdo nestes exames,

importante para a sua aplicabilidade clinica.

Nos capitulos 6, 7 e 8 sdo descritos e discutidos os resultados mais importantes da Tese.

No capitulo 6 faz-se uma analise do desempenho dos scores de risco clinicos na identificagido da
presenca e da gravidade da doeng¢a coronaria documentada por angio TC cardiaca.

No capitulo 7 é descrita a utilidade da angioTC cardiaca na avaliacdo dos doentes com diabetes
mellitus, aparecendo aqui a diabetes como um subgrupo modelo de doenga coronaria mais
avangada, util para avaliar o desempenho de diferentes scores de carga aterosclerdtica.

No capitulo 8 é apresentado o score de carga aterosclerotica coronaria quantificada por angioTC

cardiaca, desenvolvido nesta tese, o CT-LeSc.
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No capitulo 9, é feita uma revisdo do valor prognostico da angioTC cardiaca, desde os estudos
iniciais de validagdo progndstica, passando pelas meta-andlises e estudos multicéntricos, a

validagdo a longo prazo e finalmente o seu valor incremental e comparagdo com outros métodos

de imagem ndo invasivos.

No Capitulo 10 faz-se uma discussio final conjunta, descrevem-se as conclusdes e apresentam-se

possiveis direc¢es para trabalhos futuros.

Capitulo 1. Descrigdo geral da Tese

Objectivos

Capitulo 10.
Discussdo, conclusdes e direcgdes para trabalhos futuros

Figura 4: Organizacdo dos diferentes capitulos da Tese.
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1.7 ANEXOS

Anexo 1: Parecer da comissido de ética

0 HOSPITAL DA LUZ

ESPIRITO SANTO SAUDE

HOSPITAL DA LUZ ;
COMISSAO DE ETICA PARA A SAUDE

Exmo. Sr.
Dr. Pedro Gongalves
Unidade de Cardiologia
Hospital da Luz
Assunto: Utilidade da Tomografia Computorizada Cardiaca na Avaliagdo

da Doenga Corondria

CC.: Director Clinico / Conselho de Administracdo

A Comissdo de Etica para a Sadde do Hospital da Luz, reunida a 25 de
Fevereiro de 2011 aprovou por unanimidade a realizagdo do estudo clinico
Utilidade da Tomografia Computorizada Cardiaca na Avaliagdo da

Doenca Corondria, de que V. Exa. é investigador principal.
Com os melhores cumprimentos
Lisboa, 25/02/2011

Pel'A Comisséo de Etica para a Satde

Jodo Sd, Presidente

A

Hospital da Luz, SA

Avenida Lusfada, 100 - 1500-650 Lisboa - Portugal

T+351217 104400 F +351 217 104 409

geral@hospitaldaluz.pt  www.hospitaldaluz.pt

Capital Social: 1.000.000 Euros  Registo da C.R.C. de Lisboa e Contribuinte n.° 507 485 637

HL-MOD. 1
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Anexo 2: Questiondrio para o doente e consentimento

Questionario angioTCs cardiacas

Foi-lhe solicitada pelo seu medico assistente a realizagdo de uma angioTC cardiaca. O centro
de Imagiologia do Hospital da Luz é uma referencia nesta érea, fruto ndo s6 do elevado
numero de exames mas sobretudo da investigagdo cientifica, apresentada regularmente em
reunides nacionais e internacionais de Cardiologia e de Imagiologia e estando em curso 2
teses de doutoramento nesta drea.

Para este efeito, gostariamos de pedir a sua colaboracdo no preenchimento deste questionério,
cuja informagéo (bem como a do resultado do seu exame) serad introduzida numa base de
dados, para andlise pelos médicos responsaveis pelos exames de angioTC cardiaca. Serd
sempre respeitada a sua confidencialidade, retirada a sua identificagao de qualquer imagem
que possa vir a ser apresentada e/ou publicada, estando estes dados abrangidos pelo
obrigatério “segredo médico profissional”.

Tem tensdo arterial elevada ou toma medicacao para a tensdo arterial ?
Od siM O NAo

Tem o colesterol elevado ou toma medicacao para o colesterol ?
O smM O NAo

Tem diabetes?
O sim O NAO

E fumador (ou ex-fumador ha menos de 1 ano)?
0O siM O NAO

Tem historia de doenga cardiovascular na familia (enfarte do miocardio ou
acidente vascular cerebral - AVC)?

O siM O NAO

Se sim, esses antecedentes sdo num familiar directo (Pai, Mae, Irm&os) e em
idade prematura (num homem <55 anos; numa mulher <65 anos)?

O SIM O NAO

Sabe 0 nome dos medicamentos que toma regularmente?

Autorizo que os meus dados sejam incluidos em bases de dados para investigagio cientifica e
aceito ser eventualmente contactado telefonicamente de futuro para sequimento e atualizagio
da minha situacdo clinica.

Data / / Assinatura
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Anexo 3: Folha de colheita de dados

O HOSPITAL DA LUZ

ESPIRITO SANTO SAUDE

Exame
NHC Data / / Referenciador
Identificagdo
1.M Idade DN /] Nome
0.F
Biometria
PAS PAD Peso Altura
Factores de risco Antecedentes Scores \ ECG
DM Enfarte Heart.Sc 1. Sinusal
HTA Cateterismo Stents Duke 2.FA
Dislipidémia Cirurgia cardiaca I 3. ESSV/EV
Tabagismo Bypass Prob Pré T: 4. Pacing
Hist. Fam. (9<55;9<65) Asma Diam.Forr FCMin ___
Do 0. Assi.ntom?étiAco ) 1 Toracalgia ndo a.nginf)fa o/ l‘cr’it‘ério) Morise: FCMed ___
2. Angina Atipica (2 critérios) 3. Angina tipica (3 critérios) FCMax___
Critérios: Retroesternal / Desencadeada por esforgo ou stress / Alivia por repouso ou nitromint
Protocolo Indicagdo Ablagdo FA
CTA CaSc Calcium Score AE ml
1. 80 Kv 1. 100 Kv VPD
2.100 Kv 2.120 Kv 1. Ablagdo FA VPE ___
3. 120 Kv ____DbLp 2. S/ exames de isquémia (<2 Anos)
4. 140 Kv 3. Controlo revascularizagdo Trombo AAE S/N
5.DSXXL | B-Blog. stents/ pontagens
___ b 0.9 4. Pré-cirurgia valvular / Adrta 22 passagem S/N
1. Habitual 5. Queixas / Exames inconclusivos
SAS 2. PO (dias) 6. Urgéncia/Suspeita SCA/Miocard.
3. EV (sala) 7. Outro Perfuséo
Flow Rate 8. Triple Rule Out
Duracdo Scan Simples
Dose contraste Dupla
Domindncia Extra Corondrios Extra cardiacos Qualidade CTA
1. Direita 0. Ausente 0. Ausente 1 2 3 4
2. Esquerda 1. Minor 1. Minor M3 Optima
3. Balanceada 2. Major 2. Major
Conclusdo Cors Outros Obs. Diddtico
0. Sem lesdes Repetiu aquisi¢do IMTD___E___
1. Placas minor Dessensibilizagdo
2. Placas major Reacgdo contraste
Bridging,
Placas vulneraveis Variantes Arquivado
| SCORE CALCIO: 0. NioFez 1. <25 2. 25-50 3. 50 4. 50-75 5. 75-90 6. 290
<40 40-44 45-40 50-54 55-50 60— 84 8569 70-74 =74
Men (25 251) 3504 4238 4040 4825 2472 2288 1200 540 235
25th Percentile i 0 0 1 4 13 32 64 166
50th Percentile 1 1 3 15 48 13 180 310 473
75th Percantile 3 9 3 103 215 410 566 892 1071
a0th Percantile 14 50 154 332 554 904 1290 1774 1082
Women (9995) 641 1024 1634 2184 1835 1334 731 438 174
25th Percentile 0 0 0 0 0 0 1 3 9
50th Percantile 0 0 0 0 1 3 24 82 75
75th Percantile 1 1 2 5 23 57 145 210 241
a0th Percantile 3 4 22 65 121 103 410 831 700

48




Capitulo 1: Descrigdo geral da tese

& HOSPITAL DA LUZ

ESPIRITO SANTO SAUDE
Avaliagdo Corondria
Segmento | <2 mm Nao Estenoses
g Avalidvel |0 <25 25-49% 50-69% 70-99% 100% Mole Calcif. Mista
01-CDp 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
02-CDm 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
03-CDd 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
04-DP dta 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
05-TC 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
06-DAp 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
07-DAm 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
08-DAd 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
09-Diagl 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
10-Diag2 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
11-CXp 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
12-OM1 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
13-CXd 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
14-0M2 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
15-DP esq 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
16-PL dta 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
17-Interm 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
18-PL esq 6. 7. 0. 1. 2. 3. 4. 5 1. 2. 3.
AXIAL C(?RUNA‘RV ANA TOMY
A Pretest
Variable Choose response | Sum
Age  Men Women
<40 <50 3
40-54  50-64 6 R
>55 265 9
Estrogen Status Positive = -3
Women only Negative = +3
Angina History Typical = 5
Diamond Method Atypical = 3
Non-anginal = 1
Diabetes? 2
Hyperlipidemia? 1
Hypertension? 1
QBTUSE NARGNAL 2 (Any) 1
o Family Hx CAD? 1° 1
Obesity? BMI>27 1
Total Score:

Table 4. Pretest Probability of Coronary Artery Disease by Age, Gender, and Symptoms*

Age Typical/Definite Atypical/Probable Nonanginal

) Gender Angina Pectoris Angina Pectoris  Chest Pain Asymptomatic

30-39 Men Intermediate Intermediate Low Very low
Women Intermediate Very low Very low Very low

40-49  Men High Intermediate Intermediate Low
Women Intermediate Low Very low Very low

50-59  Men High Intermediate Intermediate Low
Women Intermediate Intermediate Low Very low

60-69 Men High Intermediate Intermediate Low
Women High Intermediate Intermediate Low
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Capitulo 2.

Fisiopatologia da doen¢a coronaria

RESUMO:

Neste capitulo é feita uma revisdo da fisiopatologia da DC, com énfase na doenga ndo obstrutiva, ndo detectavel pelos
tradicionais exames de documentagdo de isquémia mas estando com frequéncia na origem de eventos coronarios agudos.
No primeiro artigo original incluido nesta tese (artigo 1), foi avaliado um grupo de doentes com EAM submetidos a
angioplastia primaria, tendo sido feita a quantificagdo da estenose residual apds aspiragdo de trombos. Foi identificado
um subgrupo de doentes cuja estenose residual era <50%, sugerindo que a lesdo que instabilizou e esteve na origem do
EAM ndo condicionava previamente estenose significativa e seria assim dificilmente detectavel com os habituais exames
que se baseiam na documentagao de isquémia.

De seguida é discutida a discrepdncia entre a elevada prevaléncia de placas ateroscleréticas na arvore coronaria e a baixa
taxa de eventos na populagdo geral.

Por fim, é abordada a dificuldade na estratificacdo de risco dos doentes com SCA, condi¢do muito heterogénea e que
constitui um exemplo do uso de scores de risco na DC. Esta incluido um artigo original (artigo 2) em que foi feita a
comparacao de 3 scores de risco, ilustrando o balanco dificil entre complexidade e desempenho que é determinante para

a adopgdo de um score na pratica clinica.

ABSTRACT:

In this chapter, the pathophysiology of coronary artery disease is reviewed, with a special focus on nonobstructive
disease, which is not detected by the traditional ischemia based exams but can also lead to acute coronary events. In the
first original manuscript included in the present thesis (manuscript 1), patients with myocardial infarction undergoing
primary angioplasty were evaluated and the degree of residual stenosis was quantified after thrombus aspiration. In
these patients, there was a subgroup with residual stenosis <50%, suggesting that the culprit lesion leading to the
myocardial infarction was not causing a significant stenosis prior to the event and in this way it would have been difficult
to detect with the usual ischemia based exams.

Secondly, we discuss the discrepancy between the high prevalence of atherosclerotic plaques found in the coronary tree
and the relatively low rate of events in the general population.

The last topic in this chapter is related to risk stratification of patients with acute coronary syndromes, a very
heterogeneous condition that is a good example of the use of risk scores in coronary artery disease. It is also included in
this chapter a manuscript (manuscript 2) in which a comparison of 3 risk scores was performed, illustrating the difficult

balance between complexity and performance, which influences the adoption of a score in clinical practice.

ARTIGO 1/ MANUSCRIPT 1:

NONOBSTRUCTIVE CORONARY DISEASE LEADING TO STEMI: ASSESSMENT OF RESIDUAL STENOSIS AFTER THROMBUS
ASPIRATION

De Araijo Goncalves P, Brito ], Sousa PJ, Carvalho MS, Dores H, Teles RC, Raposo L, Gabriel HM, Ferreira ], Almeida M,
Aleixo A, Carmo MM, Mendes M.

Coron Artery Dis. 2013 Mar;24(2):154-9.

ARTIGO 2/ MANUSCRIPT 2:

TIMI, PURSUIT, AND GRACE RISK SCORES: SUSTAINED PROGNOSTIC VALUE AND INTERACTION WITH
REVASCULARIZATION IN NSTE-ACS.

De Aratjo Goncalves P, Aguiar C, Ferreira ], Seabra-Gomes R.

Eur Heart ] 2005; 26: 865-872.

51



SUMARIO DO CAPITULO 2:

2.1 INTRODUCAO

2.2 DOENCA CORONARIA NAO OBSTRUTIVA E PLACA VULNERAVEL

2.3 DISCREPANCIA ENTRE ELEVADA PREVALENCIA DE PLACAS
ATEROSCLEROTICAS NA ARVORE CORONARIA E A BAIXA TAXA DE EVENTOS
NA POPULACAO GERAL.

2.4 SINDROMES CORONARIOS AGUDOS COMO CONDICAO MUITO
HETEROGENEA E O EXEMPLO DO USO DOS SCORES DE RISCO NA SUA
ESTRATIFICACAO

2.5 BIBLIOGRAFIA

2.6 ARTIGOS 1 e 2

52



2.1 INTRODUCAO

Tradicionalmente, a fisiopatologia da DC tem estado centrada no processo aterosclerético e no
desenvolvimento de isquémia do miocardio, com as consequéncias dai decorrentes. O termo
doenga cardiaca isquémica reflecte este conceito e engloba todo o espectro da DC estavel aos
SCA. No entanto, o processo aterosclerdtico comec¢a muito mais cedo a instalar-se, passando pela
fase da doenga ndo obstrutiva, uma vez que as placas na sua fase inicial ndo condicionam uma
redugdo significativa do limen vascular. Mais recentemente, tem-se percebido que a DC ndo
obstrutiva, embora ndo condicione isquémia do miocardio, pode estar na origem de eventos
corondrios agudos. No entanto, como estas lesdes ndo levam a uma redugdo significativa do
limen vascular, ndo provocam sintomas nem sao detectdveis pelos tradicionais exames de
documentagdo de isquémia, e a sua detec¢do nesta fase s possivel por exames anatémicos, como

é o caso da angio TC cardiaca.

2.2 DOENCA CORONARIA NAO OBSTRUTIVA E PLACA VULNERAVEL

Varios estudos de anatomia patolégica, ecografia intravascular e mais recentemente angio TC
cardiaca demonstraram que o processo aterosclerético se inicia muito cedo e que numa fase
inicial ocorre uma remodelagem positiva da artéria para acomodar a placa aterosclerotica, nao se
acompanhando nesta fase de uma redu¢do do limen vascular (1, 2). Estas lesdes, ao ndo
condicionarem uma reducdo significativa do limen vascular, ndo provocam sintomas de angina
de esfor¢o nem sdo detectaveis pelos exames habitualmente empregues em cardiologia para
avaliacdo da DC, que se baseiam na documentacao de isquémia do miocardio. No entanto, apesar
de ndo condicionarem estenoses significativas, estas placa podem ser bastante volumosas e
apresentar varias caracteristicas de instabilidade, estando com frequéncia também na origem de
eventos corondrios agudos. Estes resultam frequentemente da ruptura ou erosdo das placas
ateroscleroéticas, sendo este risco directamente proporcional ao volume do nucleo lipidico, ao
grau de inflamagdo e inversamente proporcional a espessura da capsula fibrosa (2).

No estudo multinacional e multicéntrico PROSPECT (Providing Regional Observations to Study
Predictors of Events in the Coronary Tree), considerado um marco na avaliagdo a historia natural
da DC, as caracteristicas das placas avaliadas por ecografia intravascular suplementada com
histologia virtual (IVUS-VH) que subsequentemente estiveram na origem de eventos coronarios
foram a presenca de um fibroateroma de capsula fina (TCFA), uma carga de placa 270%
(traduzindo o remodeling positivo) e uma area luminal <4mm?2 (traduzindo algum contributo do
grau de estenose) (3). Apesar destas caracteristicas apontarem para a presenca de placas
volumosas, estas lesdes do ponto de vista angiografico, ndo condicionavam estenoses
significativas na grande maioria dos casos, sendo a média de estenose de apenas 32%, o que

traduz o importante contributo do remodeling positivo nestas lesdes potencialmente vulneraveis.
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Num estudo prospectivo em que foram avaliadas as caracteristicas das placas por angio TC que
estariam na origem de SCA, a presenc¢a de remodeling positivo e de placas com baixa atenuagdo
(<30 UH), traduzindo placas mais ricas em conteddo lipidico, foram preditores do
desenvolvimento de SCA (4). Neste trabalho que incluiu 1059 doentes avaliados por angio TC
cardiaca e seguidos por um periodo médio de 27 meses, nos doentes que apresentavam placas
com estas 2 caracteristicas, a incidéncia de SCA foi de 22,2%, na presen¢a de apenas 1
caracteristica foi de 3,7% e na auséncia destas caracteristicas foi de apenas 0,5%. Nesta mesma
populacgdo, nos doentes sem DC identificavel na angio TC, ndo se verificaram quaisquer eventos
CV no seguimento. Interessante foi também verificar que todas as lesdes identificadas na angio
TC cardiaca que estiveram na origem dos SCA subsequentes, tinham aquando da avalia¢do inicial
uma estenose <75% o que tornaria dificil a sua identificagdo por sintomas e/ou teste de
isquémia.

Recentemente foi descrito o “Napkin-ring sign” (NRS), como a imagem que podera traduzir a
presenca de uma placa vulneravel na angio TC cardiaca. Este sinal, presente em algumas placas
ndo calcificadas e mistas de conteddo heterogéneo, resulta de uma diferenca de atenuagdo (em
UH) entre o nucleo central (baixa atenuagdo, correspondendo ao nucleo lipidico) e a periferia da
placa (atenuacdo superior, correspondendo a tecido fibrotico) (5). Este sinal na angio TC
cardiaca sera o correspondente do TCFA identificado por IVUS-VH, tendo sido ja demonstrada
uma boa correlagdo entre este sinal e a presenca de placas avangadas na histologia (6). Mais
importante ainda, num trabalho recentemente publicado, este sinal foi associado com o
desenvolvimento futuro de eventos corondrios (7). Neste trabalho, foram avaliados 895 doentes
e identificadas 1174 placas, das quais apenas 45 (0,4%) tinham critérios para NRS. No
seguimento médio de 2,3 anos, 41% dos eventos ocorreram em placas com NRS e a presenca de
um NRS foi o preditor independente de eventos (morte cardiaca, EAM e Al) mais significativo,
sendo os outros preditores independente a presenca de remodeling positivo e placas de baixa

atenuacao.

Desde ha muito tempo de sabe que as lesdes corondrias ndo obstrutivas podem estar na origem
de SCA, evidéncia demonstrada em doentes que sofreram um evento coronario agudo e tinham
realizado uma coronariografia prévia (8-10) e de estudos angiograficos realizados apods
fibrino6lise em doentes com EAM com supradesnivelamento do segmento ST (11).

Nos ultimos anos foram desenvolvidos dispositivos de aspiracdo de trombos, que vieram
modificar o tratamento percutaneo na angioplastia primaria e fornecer uma oportunidade para
estudar melhor a fisiopatologia do EAM. Num trabalho em que fomos avaliar a estenose residual
da lesdo culprit do EAM apés realizada a aspiracdo de trombos, verificamos que em 31% dos
casos a estenose residual apés aspiragdo era inferior a 50% (quantificada por QCA), sugerindo
que a lesdo culprit que instabilizou e esteve na origem do EAM ndo condicionava previamente
estenose significativa e ndo seria assim detectavel com os habituais exames de documentagdo de

isquémia (12).
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Por fim, tem sido claro nos varios estudos que tem avaliado o valor progndstico da angio TC
cardiaca que a DC ndo obstrutiva tem impacto progndstico, tendo uma taxa de eventos
claramente diferente da dos individuos sem placas identificaveis, tendo isso sido ja demonstrado
no registo multinacional e multicéntrico CONFIRM (13), em varias meta-analises (14, 15) e mais
recentemente também num estudo que avaliou o impacto prognéstico da informagao fornecida

pela angio TC a longo prazo (16) (aspectos detalhados no capitulo 9).

2.3 DISCREPANCIA ENTRE ELEVADA PREVALENCIA DE PLACAS ATEROSCLEROTICAS NA
ARVORE CORONARIA E A BAIXA TAXA DE EVENTOS NA POPULAGCAO GERAL.

Apesar de a DC, mesmo na fase ndo obstrutiva, poder estar na origem de eventos coronarios
agudos, existe uma importante discrepancia entre a sua elevada prevaléncia e a baixa taxa
relativa de eventos na populac¢do geral. Embora as doengas CV sejam a principal causa de morte
nos paises desenvolvidos, em particular a DC (17, 18), a incidéncia de SCA na populagdo geral é
baixa. Nas estatisticas norte-americanas, a incidéncia anual de SCA na populacdo adulta varia
entre 0,2 a 1% (17), o que contrasta claramente com a elevada prevaléncia de individuos com
placas ateroscleroticas na arvore corondria.

Em estudos de anatomia patoldgica realizados em adultos jovens que morreram de causa ndo
natural (acidentes, suicidios, homicidios), foi possivel identificar aterosclerose coronaria em 83%
dos casos (19). Também em estudos realizados com ecografia intracoronaria foi possivel detectar
aterosclerose corondria em fases muito precoces e mesmo em segmentos angiograficamente
normais, reflexo do processo de remodeling positivo (20, 21).

Do mesmo modo, a presencga de placas calcificadas na arvore corondria é habitual na maioria dos
homens a partir dos 40 anos e nas mulheres a partir dos 55 anos, como se pode depreender da
analise dos normogramas de score de calcio nos quais mesmo no percentil 50 ja é suposto o
score de calcio ser >1 (22). Mais recentemente, com a angio TC cardiaca, tem sido também
evidente a elevada prevaléncia de placas ateroscleroticas identificaveis nas artérias corondrias e
de facto a auséncia de quaisquer placas estd presente em menos de metade dos individuos
avaliados com esta técnica. No estudo multinacional e multicéntrico CONFIRM (Coronary CT
Angiography Evaluation for Clinical Outcomes: An International Multicenter Registry), sé6 42,5%
dos individuos ndo tinham placas identificaveis na angio TC cardiaca (13).

Na nossa populagdo, esta percentagem foi de 41,3% (23, 24), em linha com o resultado publicado
por outros grupos (25).

A explicagdo para esta discrepancia entre a elevada prevaléncia de placas na drvore coronaria e o
risco de eventos corondrios podera estar justificada pelo facto de o risco individual por placa ser

de facto muito baixo e ser mais importante o numero total de placas ou seja, a carga
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ateroscleroética global na arvore coronaria. Esta podera também explicar porque é que uma
importante percentagem de SCA ocorrem em placas ndo obstrutivas, uma vez que estas sdo
muito mais prevalentes e assim em termos probabilisticos apesar de o seu risco individual poder
ser inferior, existem mais probabilidade que estejam na origem de um evento (26-28). O mesmo
se passa ao nivel populacional, pois apesar de ser possivel identificar alguns individuos cuja
constelacdo de factores de risco os colocam em elevado risco de eventos CV, esta representa
apenas uma minoria em nimero absoluto e uma vez que o nimero de individuos em patamares
de risco mais baixo é exponencialmente mais elevado, os eventos CV ocorrem com frequéncia em
individuos de risco ndo muito elevado (29).

Mais recentemente, o conceito de que determinadas caracteristicas de potencial instabilidade de
uma placa em particular possam ser tUteis para a identificacdo e eventual interven¢do nestas
lesdes foi colocado em questao pelos resultados modestos do estudo PROSPECT. Neste estudo de
histéria natural da DC, apesar de ter sido possivel identificar algumas caracteristicas associadas
ao risco de eventos cardiacos futuros, a grande maioria das placas com estas caracteristicas ndo
vieram a instabilizar. Mesmo a identificacdo de um fibroateroma de capsula fina teve uma baixa
especificidade para prever a ocorréncia de eventos, uma vez que apenas 26 das 595 placas
(4,3%) identificadas como de risco estiveram na origem de eventos no seguimento (média de 3,4
anos). Por outro lado, estes eventos foram na grande maioria rehospitaliza¢gdes por Al e novas
revascularizagdes e ndo os eventos major morte e EAM, que verdadeiramente gostariamos de

poder prevenir (3).

A identificagdo dos doentes em maior risco de eventos podera passar pela identificagdo nao das
caracteristicas de uma placa em particular, mas pela quantificagdo da carga aterosclerética global
e este foi um dos pressupostos do desenvolvimento do CT-LeSc (24), como ferramenta para
quantificar esta carga aterosclerdtica corondria, que se espera seja um bom preditor de eventos

coronarios (descrito em mais detalhe no Capitulo 8).
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2.4 SINDROMES CORONARIOS AGUDOS COMO CONDICAO MUITO HETEROGENEA E O
EXEMPLO DO USO DOS SCORES DE RISCO NA SUA ESTRATIFICACAO

Os SCA representam uma condi¢ao muito heterogénea, englobando um largo espectro de doentes
em diferente risco de eventos CV, sendo essencial a sua estratificagcdo de risco. Assim, constituem
um cendrio clinico exemplar para o desenvolvimento e aplicagdo de scores de risco, ferramentas
essenciais para a tomada de decisdo no manejo destes doentes, podendo tirar-se daqui varias
licOes Uteis para o desenvolvimento e implementacdo de scores noutras areas da DC.

Em 2005 o nosso grupo publicou um estudo onde foi comparado o desempenho de 3 scores de
risco (GRACE, TIMI e PURSUIT) na estratificacio dos doentes com SCA (30). Foi possivel
demonstrar que o score de risco GRACE era o que tinha um desempenho superior, fruto nao sé
do tipo de variaveis que incluiu, mas também de algumas delas serem valorizadas de forma
continua. Este era o score que melhor previa a ocorréncia de eventos cardiacos a 1 ano e permitia
identificar os doentes que colhiam maior beneficio da revascularizacdo, sendo actualmente
recomendado pelas guidelines europeias para a estratificagdo destes doentes (31). No entanto, o
score de risco TIMI pela sua simplicidade, continua a ser usado na pratica clinica e mesmo em
varios estudos, como é o caso dos recentemente publicados sobre o uso da angio TC cardiaca na
avaliagdo dos doentes no servigo de urgéncia (32, 33).

Uma das li¢des retiradas desta experiencia, foi que um score para entrar na pratica clinica tem
que ter um balango entre complexidade e desempenho. Apesar de o desempenho ser
directamente proporcional ao nimero de variaveis incluidas, também a sua complexidade
aumenta, diminuindo assim a sua potencial aplicabilidade clinica. Da mesma forma, o modo com
as variaveis sdo operacionalizadas (continuas ou categoéricas) também é determinante, ficando os
scores tendencialmente mais simples, mas perdendo algum poder discriminativo, quando se opta
por usar as variaveis como categéricas em vez de continuas.

Este conceito esteve no racional de desenvolvimento do CT-LeSc onde tentamos procurar esse
equilibrio dificil entre complexidade e desempenho, com vista ao seu uso futuro como
ferramenta para quantificagdo da carga aterosclerodtica corondaria sendo de esperar que possa

traduzir a informagdo prognostica da angio TC cardiaca e ser adoptado na pratica clinica.
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154 Therapy and prevention

Nonobstructive coronary disease leading to STEMI:
assessment of residual stenosis after thrombus aspiration
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Aims Nonobstructive coronary atherosclerotic lesions can
lead to ST-elevation myocardial infarction (STEMI).
Thrombus aspiration during a primary percutaneous
coronary intervention provides a setting to evaluate the
degree of stenosis of culprit lesions leading to STEMI. The
aim of this study was to assess the degree of culprit lesion
residual stenosis after thrombus aspiration and to compare
the demographic, clinical, and angiographic characteristics
between patients with obstructive versus nonobstructive
residual stenosis.

Methods and results From a single-center registry of 483
consecutive patients with STEMI undergoing a primary
percutaneous coronary intervention, 172 patients
underwent thrombus aspiration and were eligible for our
study. We defined two groups according to the residual
stenosis after thrombus aspiration: group A (=119, 69%)
with residual stenosis greater than or equal to 50%, and
group B (n=53, 31%) with residual stenosis less than
50%. In terms of the baseline angiographic characteristics,
patients with residual stenosis less than 50% had
significantly lower prevalence of multivessel disease

(15.1 vs. 46.2%, P<0.001). On multivariable analysis of the
preprocedural variables, absence of vascular disease
(odds ratio 4.99, 95% confidence interval 1.08-23.12,

Introduction

ST-elevation myocardial infarction (STEMI) because of
acute coronary artery occlusion has two main compo-
nents: underlying atherosclerotic plaque and thrombus.
The relative contribution of each of these factors is
variable as many clinical observations suggest that
myocardial infarctions are not necessarily related to
previous high-grade coronary stenosis [1-3]. More often,
acute events are caused by the rupture of plaques that are
not associated with severe luminal narrowing, and the
total coronary occlusion occurs as a result of the super-
imposed thrombus burden.

Evidence supporting the concept that nonobstructive
atherosclerotic lesions can lead to STEMI comes mainly
from serial angiographic studies retrospectively evaluating
the degree of stenosis in patients with a previous coronary
angiography [4-7], and from studies of patients referred
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P=0.040) and age less than 59 years (odds ratio 2.67, 95%
confidence interval 1.25-5.73, P=0.011) were independent
predictors of culprit residual stenosis less than 50%.

Conclusion In this population, a significant proportion of
patients with STEMI had nonobstructive residual stenosis
after thrombus aspiration. These patients were younger,
had a lower prevalence of vascular disease in other
vascular territories, and less multivessel disease,
suggesting an earlier stage of atherosclerosis. Coron
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Lippincott Williams & Wilkins.
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for angiography after thrombolytic therapy [8]. However,
in more recent studies carried out in the setting of a
primary percutaneous coronary intervention (PCI), it has
been suggested that in most cases, STEMIs occurred at
the site of severe obstructive stenosis [9,10].

In recent years, thrombus aspiration devices have gained
an important role in primary PCI [11,12], and this
provides a setting for the evaluation and better under-
standing of the pathophysiology of coronary artery lesions
leading to STEMI.

The aim of this study was to assess the degree of residual
stenosis in STEMI culprit lesions after thrombus
aspiration and to compare the demographic, clinical,
and angiographic characteristics between two groups of
patients according to the degree of residual stenosis after
thrombus aspiration.
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Methods

Study desi and pati population

This was a single-center, retrospective study in which 483
consecutive patients with STEMI and no previously known
history of coronary artery disease (CAD), undergoing
primary PCI between January 2006 and November 2010,
were eligible. Only patients (z=199) undergoing throm-
bus aspiration (PRONTO Extraction Catheter; Vascular
Solutions Inc., Minneapolis, Minnesota, USA or EXPORT
Aspiration Catheter; Medtronic Inc., Santa Rosa, California,
USA) were included, of whom 27 were excluded because of
balloon dilatation before thrombectomy. Therefore, a total
of 172 patients were included in the study (Fig. 1).

All angiograms were reviewed and analyzed by quantita-
tive coronary analysis (edge detection techniques) of the
culprit lesion and vessel after thrombus aspiration. The
following parameters were measured: reference vessel
diameter (RVD), lesion length, minimal luminal diameter
(MLD), and diameter stenosis (DS).

Patients were divided into two groups according to the
degree of culprit lesion residual DS: group A: culprit
stenosis greater than or equal to 50%; and group B: culprit
stenosis less than 50%.

Clinical, demographic, and angiographic data were col-
lected at the time of the procedure and were entered in a
centralized database (Cardiobase; Infortucano SI, Lisbon,
Portugal).

Fig. 1

Statistical analysis

Categorical variables were expressed as percentages, and
their frequencies were compared using the y* test or
Fisher exact test as appropriate. Continuous variables
with a normal distribution were expressed as meanz*1
SD, and were compared using a Student’s unpaired /-test.
Continuous variables without a normal distribution were
expressed as median (first quartile; third quartile), and
were compared using the Mann-Whitney test. The
normality assumption for continuous variables was
assessed using the Kolmogorov—Smirnov test. Receiver-
operating characteristic curves were used to find the cut-
off point for age. Binary logistic regression models were
constructed to elucidate independent predictors of
residual stenosis less than 50% after thrombus aspiration.
The aim of this model was the assessment of preproce-
dure variables that aid the prediction of residual stenosis
less than 50%. Only the traditional cardiovascular risk
factors (hypertension, diabetes, smoking, and dyslipide-
mia) and significant variables in univariate analysis
(P <0.05) were included in the multivariate model.

Two-tailed tests of significance were reported. For all
comparisons, a P-value less than 0.05 was considered
statistically significant. When appropriate, confidence
intervals (Cls) were reported, with a 95% confidence level.

Statistical analysis was carried out using SPSS 17.0
software (SPSS Inc., Chicago, Illinois, USA).

STEMI patients undergoing
primary PCI
(n=483)

Patients submitted to
thrombus aspiration
(n=199)

W

(Excluded 27 patients with balloon

l

Patients included

L dilatation before thrombectomy

(n=172)
Group A Group B
Culprit stenosis 2560% Culprit stenosis <60%
(n=119) (n=58)

Patient selection and study design. PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction.
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Results

Baseline and procedural characteristics

From a total of 172 patients included in the study, 119
(69%) had culprit residual stenosis greater than or equal
to 50% after thrombus aspiration, whereas 53 patients
(31%) had residual stenosis less than 50%. Patients with
residual stenosis less than 50% were considerably younger
(55.1+14.3 vs. 62.3+11.9 years, P=0.001) and had a
lower prevalence of vascular disease (3.8 vs. 19.3%,
P=0.008) in other vascular territories (cerebral or
peripheral vascular disease). Although there was a trend
in this group toward a lower prevalence of hypertension,
diabetes, and obesity, there were no statistically sig-
nificant differences (Table 1).

In terms of the baseline angiographic characteristics,
patients with residual stenosis less than 50% had
significantly lower prevalence of multivessel disease
(15.1 vs. 46.2%, P < 0.001) and there were no significant
differences in the location of the culprit lesion. By
quantitative coronary angiography, lesions with residual
stenosis less than 50% (mean DS 34.5+11.2%; mean
MLD 1.91+0.70 mm) were also shorter (12.29+4.78 vs.
14.60£5.74 mm, P = 0.038) compared with lesions with
culprit residual stenosis greater than or equal to 50%
(mean DS 67.6+9.9%; mean MLD 0.93%£0.34 mm).
There were no significant differences in RVD (RVD
2.88+0.71 vs. 2.86+0.61 mm, P =0.912) (Table 2).

Multivariable analysis
On multivariable analysis, which included only the
demographic and clinical preprocedural variables, the

independent predictors of culprit residual stenosis less
than 50% after thrombus aspiration were absence of
vascular disease (odds ratio =4.99, 95% CI 1.08-23.12,
P =0.040) and age less than 59 years (odds ratio = 2.67,
95% CI 1.25-5.73, P=0.011) (Fig. 2).

Discussion

Nonobstructive coronary atherosclerotic lesions can often
lead to STEMI as, for the total occlusion of the coronary
artery, there is an important contribution of the thrombus
burden superimposed on the culprit atherosclerotic plaque.
This evidence comes from previous studies of patients with
a previous coronary angiogram [4-7] and patients referred
for angiography after thrombolytic therapy [8].

Little ez a/. [1] compiled data from four studies in which
serial coronary angiograms were performed before and
after an acute myocardial infarction and found that 60% of
the culprit lesions contained less that 50% stenosis before
the event.

Llevadot ¢ al. [8], with data from the TIMI 4, 10A, 10B,
and 14 trials, assessed the degree of residual stenosis in
the culprit coronary artery 90 min after thrombolytic
administration and found less than 50% stenosis in 8.9%
of the patients. In these earlier studies, residual
thrombus could have led to an overestimation of the
degree of culprit artery stenosis and, in fact, some of
the patients had an occluded artery at the time of the
angiography. It is reasonable to assume that more
aggressive antithrombotic and antiplatelet therapy,
coupled with the recent aspiration devices, can lead to

Table 1 Baseline clinical and d -aphic ch: istics ling to culprit
Variable Group A culprit > 50%, n=119 (69.2%) Group B culprit <60%, n=>53 (30.8%) P
Age 62.3£11.9 55.11£14.3 0.001
Male sex 91 (76.5%) 46 (77.4%) 0.899
Diabetes 20 (16.8%) 6 (11.3%) 0.354
Hypertension 63 (52.9%) 23 (43.4%) 0.248
Dyslipidemia 57 (47.9%) 6 (49.1%) 0.888
Smoking 73 (61.3%) 32 (60.4%) 0.904
BMI>30 24 (22.4%) 7 (15.6%) 0.337
Vascular disease (cerebrovascular + peripheral) 23 (19.3%) 2 (3.8%) 0.008
The bold values are statistically significant values.
Table 2 Angiographic characteristics according to culprit stenosis
Variable Group A culprit > 50%, n=119 (69.2%) Group B culprit <60%, n=53 (30.8%) P
Multivessel disease 55 (46.2%) 8 (15.1%) <0.001
Culprit vessel
Left main 1 (0.8%) 1 (1.9%) 0.554
LAD 45 (37.8%) 27 (50.9%) 0.107
LCx 14 (11.8%) 6 (11.3%) 0.933
RCA 59 (49.6%) 19 (35.8%) 0.095
QCA
RVD (mm) 2.86%0.61 2.88+0.71 0.912
Lesion length (mm) 14.6015.74 12.291+4.78 0.038
MLD (mm) 0.9310.34 1.91£0.70 <0.001
DS (%) 67.5819.88 34.51£11.18 <0.001

The bold values are statistically significant values.

DS, diameter stenosis, LAD, left anterior descending; LCx, left circumflex; MLD, minimum luminal stenosis; QCA, quantitative coronary angiography; RCA, right coronary

artery, RVD, reference vessel diameter.
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Fig. 2
OR (95% Cl) P
Absence of vascular disease 4.99 (1.08-23.12)  0.040
Age <59 ————— 2.67 (1.25-5.73) 0.011
Dyslipidaemia —_— 1.04 (0.52-2.10) 0.909
Hypertension — 0.99 (0.48-2.07) 0.988
Diabetes — . . 0.81 (0.28-2.36) 0.700
Smoking —_— 0.61 (0.29-1.29) 0.198
O.%O 1.00 10?00 10(3.00

Independent clinical predictors of residual stenosis less than 50% after thrombus aspiration. 95% Cl, 95% confidence interval; OR, odds ratio.

a more effective thrombus removal and therefore to a
more reliable assessment of the degree of culprit residual
stenosis. More recently, Frgbert ez a/. [9] described
angiographically significant stenosis in almost all patients
with STEMI, referred for primary PCI, but in this study
the degree of stenosis was evaluated in the angiograms
obtained after wiring of the vessel. In this way, there was
probably a significant contribution of residual thrombus
burden to the degree of residual culprit stenosis. In the
study by Manoharan ez @/. [10], the degree of stenosis was
assessed only after thrombus aspiration, but this study
also included patients with non-STEMI and unstable
angina. In our study, only patients with STEMI under-
going a primary PCI were included.

We found thrombus aspiration during primary PCI to
provide a setting to evaluate the degree of stenosis of
culprit lesions leading to STEMI. In our study, 31% of the
patients undergoing a primary PCI had a residual stenosis
less than 50% after thrombus aspiration. Therefore, it is
reasonable to assume that these culprit lesions were
nonobstructive before the acute event.

It is also known that many of the nonstenotic lesions can
have a high plaque burden, underestimated by luminal
angiograms, as they undergo expansive or positive outward
enlargement, and such remodeling is a potential surrogate
marker of plaque vulnerability [13]. In the multicenter
virtual histology intravascular ultrasound (VH-IVUS) PRO-
SPECT study [14], a large plaque burden, a small lumen
area, and the presence of a thin cap fibroatheroma were
independent predictors of future nonculprit lesion major

adverse cardiac events. In this study of patients with acute
coronary syndromes, lesions that led to a major adverse
cardiac event had a high plaque burden by IVUS, but were
mild by baseline angiography (mean DS 32%).

The prognostic value of nonobstructive CAD has also
been reinforced recently from large cardiac CT regis-
tries [15] and meta-analysis [16].

In the large international multicenter Cardic CT registry
(CONFIRM Registry), all-cause mortality was signifi-
cantly higher for patients with nonobstructive CAD
compared with patients without coronary atherosclerosis.
One notable finding in this registry is the superimposed
survival curves of nonobstructive and one-vessel obstruc-
tive CAD, reinforcing the prognostic impact of non-
obstructive coronary lesions [15].

Patients with nonobstructive culprit lesions in our study
were younger and had a lower prevalence of multivessel
CAD and a lower prevalence of vascular disease in other
vascular territories. These findings suggest that these
patients had the acute coronary event at an earlier stage
of the atherosclerotic disease. Patients with nonobstruc-
tive lesions are not expected to have symptoms or to
develop ischemia in noninvasive stress tests, and this
could explain why it is difficult to identify patients at risk
before the event and STEMI is still the first manifesta-
tion of CAD in many cases (as the case example in Fig. 3).

In the future, if we aim at preventing many of these
events, the paradigm of risk stratification in primary
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Case example of a 51-year-old male patient, presenting with an anterior ST-elevation myocardial infarction as the first manifestation of coronary artery
disease referred for urgent coronary angiography for a primary percutaneous coronary intervention. Single-vessel coronary disease with a

nonobstructive (<50%) mid-left anterior descending (LAD) residual lesion after thrombus aspiration. The arrow points to the culprit location in the
mid-LAD where the vessel was occluded (a) and the remaining residual angiographic stenosis of the culprit lesion after thrombus aspiration (b) and
the detail of the aspirated thrombus (c).

prevention has to move from symptoms and demonstra-
tion of ischemia to the identification of atherosclerosis at
an earlier stage.

Limitations

This was a single-center registry and the cohort included
only patients with STEMI in whom thrombus aspiration
was performed. Patients with smaller thrombus burden or
with diffusely diseased and calcified vessels were less
likely to have undergone thrombus aspiration. By not
including these patients, we could have overestimated
the relative contribution of thrombus versus plaque
burden in patients with STEMI. However, with this
study design, evaluating the degree of the culprit stenosis
only after thrombus aspiration could have also led to some
overestimation of the severity of stenosis, because it is
unlikely that thrombus aspiration can remove all thrombi.
Therefore, residual thrombus could have led to over-
estimation of the degree of residual stenosis, and some of
the patients with an obstructive residual stenosis after
thrombus aspiration could have been in fact patients with
culprit lesions with less degree of stenosis.

IVUS was not performed, and therefore, it was not
possible in the present study to evaluate the real plaque
burden of the culprit lesions leading to STEMI.

Conclusion

In this population, a significant proportion of patients
with STEMI had nonobstructive residual stenosis after
thrombus aspiration. These patients were younger, had a
lower prevalence of vascular disease in other vascular
territories, and less multivessel disease, suggesting an
carlier stage of atherosclerosis.
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KEYWORDS Aims Regarding prognosis, patients with a non-ST elevation acute coronary syndrome
TIMI risk score; (ACS) are a very heterogeneous population, with varying risks of early and long-term
PURSUIT risk score; adverse events. Early risk stratification at admission seems to be essential for a tai-
GRACE risk score; lored therapeutic strategy. We sought to compare the prognostic value of three ACS

Coronary disease;
Myocardial infarction;
Unstable angina;
Prognosis;

Risk stratification

risk scores (RSs) and their ability to predict benefit from myocardial revascularization
performed during initial hospitalization.

Methods and results We studied 460 consecutive patients admitted to our coronary
care unit with an ACS [age: 63 + 11 years, 21.5% female, 55% with myocardial infarc-
tion (MI)]. For each patient, the Thrombolysis In Myocardial Infarction (TIMI), Platelet
glycoprotein lIb/llla in Unstable agina: Receptor Suppression Using Integrilin
(PURSUIT), and Global Registry of Acute Coronary Events (GRACE) RSs were calculated
using specific variables collected at admission. Their prognostic value was evaluated
by the combined endpoint of death or Ml at 1 year. The best cut-off value for each
RS, calculated with receiver operating characteristic curves, was used to assess the
impact of myocardial revascularization on the combined incidence of death or MI.
Death or MI at 1 year was 15.4% (32 deaths/49 MIs). The best predictive accuracy
for death or MI at 1 year was obtained by the GRACE RS (AUC) [area under the
curve: 0.715; confidence interval (Cl: 0.672-0.756)] but the performance of the
PURSUIT RS (AUC: 0.630; Cl: 0.584-0.674), and TIMI RS (AUC: 0.585; Cl:
0.539-0.631) was also good. We found a statistically significant interaction between
the risk stratified by the best cut-off value for the GRACE and PURSUIT RSs and
myocardial revascularization, with a better prognosis for the high-risk patients. The
high-risk patients represented 36.7, 28.7, and 57.8% of the population, for the
GRACE, PURSUIT, and TIMI RSs, respectively.

Conclusion The RSs studied demonstrated a good predictive accuracy for death or
MI at 1 year and enabled the identification of high-risk subsets of patients who
will benefit most from myocardial revascularization performed during initial
hospital stay.
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Introduction Table 1 Risk scores
Patients with non-ST elevation acute coronary syndromes PURSUIT Age, separate points for
(NSTE-ACS) are a heterogeneous population with varying (0-18) enrolment diagnosis
risks of death and recurrent cardiac events, in long-term Decade [UA (MI)]
as well as short-term follow-up.™? In these patients, 50 8 (1)
early risk stratification plays a central role, as the gg 1? ::;;
benefit of newer and more aggressive and costly treat- 80 12 (14)
ment strategies seems to be proportional to the risk of
adverse clinical events.?® Different scores are now avail- Sex
able based on initial clinical history, ECG, and laboratory Male 1
tests that enable early risk stratification on admission. RemELE o
The thrombolysis In Myocardial Infarction (TIMI)® and Worst CCS-class in previous 6 weeks
platelet glycoprotein llb/llla in unstable agina: Receptor No angina or CCS /11 0
Suppression Using Integrilin  (PURSUIT)” scores were CClIIIZY Z
developed with the databases from large clinical trials Signs of heart failure 2
of NSTE-ACS. The more recent Global Registry of Acute ST-depression on presenting ECG 1
Coronary Events (GRACE) score was developed from TIMI (0-7)  Age >65 years 1
the registry,® with a population of patients across the >3 risk factors for CAD 1
entire spectrum of ACS. All these scores were developed Use of ASA (last 7 days) 1
for short-term prognosis: events in-hospital for the Known CAD (stenosis >50%) 1
GRACE risk score (RS), at 14 days for the TIMI RS, and >1 episode rest angina in <24 h 1
at 30 days for the PURSUIT RS. Nevertheless, a significant SFEEiEi: G L
. . . Elevated cardiac markers 1
proportion of adverse events in NSTE-ACS patients occur
after the first 30 days, and it is not known whether these GRACE Age (years)
RS can also predict their occurrence. On the other hand, (0-258) <40 0
it has been demonstrated that an early invasive strategy 40’43 18
has a prognostic benefit in the long term.® Recently, the 23:29 :g
GRACE risk model has also been validated as a predictor 70-79 7
of death or myocardial infarction (Ml) 6 months following >80 91
hospital presentation.'®
The aim of this study was to compare the performance Heir7t0rate (Erzam) 0
of these TIMI, PURSUIT, and GRACE scores in risk stratifi- 70-89 7
cation of NSTE-ACS patients, both at 30 days and at 1 90-109 13
year, and to evaluate their ability to predict benefit 110-149 23
from myocardial revascularization performed during 150-199 36
initial hospitalization. >200 46
Systolic BP (mmHg)
<80 63
Methods 80-99 58
100-119 47
: 120-139 37
Study population D 6
This was a retrospective study of consecutive patients admitted 1:36(;' 2 i (1J
to a coronary care unit (CCU) with NSTE-ACS between March
1999 and July 2001. The inclusion criteria were a history of Creatinine (mg/dL)
chest pain at rest or other symptoms suggestive of an ACS, 0-0.39 2
with the most recent episode occurring within 24 h of admission. 0.4-0.79 5
This could be associated with ST or Twave changes on the elec- 0.8-1.19 8
trocardiogram suggestive of myocardial ischaemia or elevated 1.2-1.59 1
levels of biomarkers of myocardial damage. The biomarkers 1.6-1.99 14
used were cardiac troponin | (cTn I) and creatine kinase MB 2-3.99 23
mass assay (CK-MB), with a threshold for positivity of 0.1 and >4 31
5ng/mL, respectively (chemiluminescence assay—Access Killip class
Immunoassay Analyser). Class | 0
Class Il 21
Risk scores Class IIl 43
Class IV 64
The three RSs—TIMI, PURSUIT, and GRACE—were calculated from Cardiac arrest at admission 43
the initial clinical history, electrocardiogram, and laboratory Elevated cardiac markers 15
values collected on admission (Table 7). Although this was a ret- ST-segment deviation 30

rospective study, these data were collected prospectively and
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recorded on a computer database of ACS patients admitted to our
institution’s CCU. Thus, no patient was excluded from the ana-
lyses performed in this study due to missing data. When calculat-
ing the TIMI RS in patients without a prior coronary angiogram, for
the variable "known coronary artery disease (stenosis >50%)" we
attributed 1 point to a history of Ml or coronary revascularization.
This methodology is closer to real-world practice, and it has been
validated by the authors of the TIMI RS.”

Regarding the TIMI and PURSUIT RSs the values are easily
obtained. For the TIMI RS, as all seven variables have the same
magnitude, the result for each patient is the simple arithmetic
sum of the number of variables present.® For the PURSUIT RS,
the simple score for death and MI was used, instead of the
more complex original score, and is obtained as the sum of the
points given to each of the five predictive factors.”

For the more recently developed GRACE RS, although it was
not published by the time this study was conducted, a program
for PDAs (personal digital assistants) was available for download
at the site of the GRACE project, and was used to calculate each
patient score (GRACE ACS Risk Model 0.25, StatCoder.com)
(available at http://www.umassmed.edu/outcomes/gracel).

Endpoint

All patients included were followed up for at least 1 year or until
the occurrence of a major event. The study endpoint was the
combination of all-cause mortality or non-fatal MI, according
to the new ESC/ACC consensus definition.'" This endpoint was
analysed both at 30 days and at 1 year.

Statistical analysis

Continuous variables with a normal distribution were expressed
as mean value and standard deviation. Normality was tested
with the Shapiro-Wilks test. Discrete variables were expressed
as frequencies and per cent values.

Statistical comparison of baseline characteristics and outcomes
was performed using the x* test with Yates correction or the
Fisher exact test, when appropriate, for categorical variables,
and the two-tailed Student’s t-test for continuous variables.

For each of the three RSs, receiver operating characteristic
(ROC) curves were used to relate the calculated scores to the
rate of adverse clinical events, both at 30 days and at 1 year.
This procedure was also applied to the endpoints and time of
follow-up used in the original study of each RS. The area under
the curve (AUC), or C-statistic, was used as a measure of the pre-
dictive accuracy of the RS. The relative performance of each test
was evaluated with the 95% confidence interval (Cl) for the differ-
ence between two AUCs. The goodness of fit of the RSs was eval-
uated by calculating the Hosmer-Lemeshow statistic.

The cut-off points identified with the ROC curves for each
score were used to separate the studied population in low- and
high-risk patients. The 1-year endpoint rate for the low- and
high-risk patients in each score was calculated, comparing in
each subgroup patients who underwent or did not undergo a
revascularization procedure during initial hospital admission.

For each score, logistic analyses were performed to test for an
interaction between the score and the effect of myocardial
revascularization on the 1-year outcome.

Two-tailed tests of significance are reported. For all compari-
sons, a P-value of <0.05 was considered statistically significant.
When appropriate, Cls were calculated, with a 95% confidence
level.

Statistical analysis was performed with SPSS version 11.0 (SPSS
Inc., Chicago, IL, USA) and MedCalc version 6.0 (MedCalc
Software, Mariakerke, Belgium).

Results
Baseline characteristics

A total of 460 patients were included in this study. The
final diagnosis of the ACS was unstable angina in 209
patients (45.4%) and NSTEAMI in the other 251 (54.6%).
The baseline characteristics and in-hospital management
are presented in Table 2.

Table 2 Baseline characteristics and in-hospital
management
Age (years) 63.4 + 10.8
Sex (%)
Male 78.5
Female 21.5
Risk factors (%)
Diabetes mellitus 23.5
Hypercholesterolemia 60.9
Systemic hypertension 61.7
Smoking 21.3
Previous history (%)
Myocardial infarction 45.7
Myocardial revascularization 47.8
PCI 31.5
CABG 22.2
Peripheral arterial disease 11.0
TIA/stroke 8
Previous medication (%)
Platelet inhibitors 71.5
ASA 60.2
Beta-blockers 48.3
Calcium channel antagonists 43.8
ACE inhibitors/ARBs 39.2
Statins 29.9
On admission
Heart rate (bpm) 75.7 £ 17.5
Systolic BP (mmHg) 142.7 + 26.1
Diastolic BP (mmHg) 80.6 + 14.3
Signs of heart failure (%) 13.9
ST-segment depression >1 mm (%) 55.9
Tn 1> 0.1 ng/mL (%) 31.5
CK-MB mass >5 ng/mL (%) 29.1
LVEF <40% 12.3
Three vessels/left main CAD (%) 43.6
Pharmacological therapy (%)
ASA 95.7
UFH/LMWH 78.9/41.7
GP IIb/llla inhibitors 38.7
Nitrates 91.1
Beta-blockers 86.3
Calcium channel blockers 15.2
ACE inhibitors 71.5
Statins 48.9
Revascularization (%)
PCI 47.8
CABG 18.3

PCl, percutaneous coronary intervention; CABG, coronary artery
bypass grafting; TIA, transient ischemic attack; ASA, aspirin; ACE,
angiotensin-converting enzyme inhibitors; ARBs, angiotensin Il recep-
tor blockers; BP, blood pressure; LVEF, left ventricular ejection
fraction; CAD, coronary artery disease; UFH, unfractionated
heparin; LMWH, low-molecular-weight heparin; GP, glycoprotein.
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By 30-day follow-up, 13 patients had died (2.8%) and 24
had had a non-fatal Ml (5.2%). The 30-day endpoint rate
was 7.2%.

At 1 year, there were 32 deaths (7%) and 49 patients
had had an MI (10.7%), with a total 1-year endpoint
rate of 15.4%.

The univariate predictors of the 30-day endpoint were
age, signs of heart failure on admission, and baseline
serum creatinine. Regarding the 1-year endpoint, the
predictors were age, both as a continuous variable and
with a cut-off of 65 years, previous history of hyper-
tension, chronic angina CCS Ill or IV in the last 6 weeks,
heart rate on admission, signs of heart failure on
admission, ST-segment depression, and baseline serum
creatinine (Table 3).

RSs: endpoint rates in the different risk groups

The mean value in this population was 13 (range: 1-19)
for the PURSUIT RS, 4 (range: 1-7) for the TIMI RS, and
122 (range: 50-237) for the GRACE RS.

As shown in Figures 1-3, the distribution of the 30-day
and 1-year endpoint rates in the different risk groups, for
the three RS, demonstrated a consistent gradient of risk.

Table 3 Univariate predictors

Predictive accuracy of the RSs

Both the PURSUIT and the GRACE scores showed a good
discriminatory accuracy to predict death and recurrent
MI as a combined endpoint at 30 days and at 1 year, as
demonstrated by the C-statistic.

The discriminatory accuracy of the TIMI score was not
as high, but this score had a good fit with both the
30-day and the 1-year endpoint, as demonstrated by a
probability value of the Hosmer-Lemeshow x* of 0.803
and 0.760, respectively.

For both the PURSUIT and the GRACE scores, regarding
the 30-day endpoint, the probability value of the
Hosmer-Lemeshow was adequate but not optimal.
Nevertheless, for the 1-year endpoint, both scores had
a good fit (Table 4).

The discriminatory accuracy of the three scores was
also analysed to predict the standard endpoints in the
original follow-up for which they were developed. The
TIMI score had a C-statistic of 0.60 (95% Cl: 0.56-0.65)
for predicting death, MI or recurrent ischaemia with the
need for urgent revascularization at 14 days. For the
GRACE score, the C-statistic for predicting intra-hospital
death was 0.76 (95% Cl: 0.72-0.80). Regarding the
PURSUIT score, the endpoints and the follow-up were
the same in this study.

30 days 1 year
With events Without events P-value With events Without events P-value
(n=33) (n=427) (n=71) (n=389)
Age (years) 67.7 + 12.1 63.0 + 10.6 0.017  67.7 +10.9 62.6 + 10.6 <0.001
> 65 22 (67) 204 (48) 0.056 49 (69) 177 (46) <0.001
Male [n (%)] 28 (85) 333 (72) 0.481 60 (85) 301 (77) 0.235
Risk factors [n (%)]
Diabetes mellitus 8 (24) 100 (23) 1.00 21 (30) 87 (22) 0.244
Hypercholesterolemia 22 (67) 258 (60) 0.60 42 (59) 238 (61) 0.850
Systemic hypertension 21 (64) 263 (62) 0.963 53 (75) 231 (59) 0.021
Smoking 7 (21) 91(21) 1.00 13 (18) 85 (22) 0.608
>3 risk factors 5 (15) 67 (16) 1.00 13 (18) 59 (15) 0.622
Previous history [n (%)]
>2 episodes rest angina <24h 32 (97) 411 (96) 1.000 68 (96) 375 (94) 1.000
>3 CCS angina last 6 weeks 23 (97) 325 (96) 0.537 46 (65) 302 (78) 0.030
Myocardial infarction 15 (45) 195 (46) 1.000 32 (45) 178 (46) 1.000
Revascularization 16 (48) 204 (48) 1.000 38 (54) 182 (47) 0.360
PCI 5 (15) 140 (33) 0.057 23 (32) 122 (31) 0.974
CABG 12 (36) 90 (21) 0.069 21 (30) 81 (21) 0.139
Known CAD 20 (61) 277 (65) 0.761 45 (63) 252 (65) 0.927
ASA in the last 7 days 17 (52) 260 (61) 0.381 38 (54) 239 (61) 0.262
On admission
Systolic BP (mmHg) 140.5 +28.0  142.9 + 25.9 0.601 143.7 +27.4  142.6 + 25.8 0.739
Heart rate (bpm) 79.1 + 20.6 753 4z 1773 0.248 83.5 +21.9 74.3 +16.3 <0.001
Signs of heart failure [n (%)] 10 (30) 54 (13) 0.010 20 (28) 44 (11) <0.001
ST depression >1 mm [n (%)] 22 (67) 235 (55) 0.265 48 (68) 209 (54) 0.265
Tn 1> 0.1 ng/mL [n (%)] 12 (36) 133 (31) 0.669 26 (37) 119 (31) 0.669
Creatinine (mg/dL) 2.8+ 1.9 1.2+ 0.5 <0.001 2.2+1.7 1.2 +£0.5 <0.005

CCS, Canadian Cardiovascular Society; PCl, percutaneous coronary intervention; CABG, coronary artery bypass grafting; CAD, coronary artery
disease; ASA, acetylsalicylic acid; BP, blood pressure.
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Figure 1 Distribution of the 30-day and 1-year endpoint rates in the
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Figure 3 Distribution of the 30-day and 1-year endpoint rates in the
different risk groups for the GRACE score.

There were no significant differences in the
discriminatory accuracy of the three scores for the 30-
day endpoint. However, for the 1-year endpoint, the dis-
criminatory accuracy of the GRACE score was superior
to that of the other two scores, this difference being
statistically significant (Table 5).

Interaction between RSs and myocardial
revascularization

There were no significant differences, in the study
population, in the endpoint rate between patients who
underwent and patients who did not undergo a revascu-
larization procedure (either PCI or CABG). However,
using the cut-off points for the three RSs identified with
the ROC curves of the 1-year endpoint, there was an
interaction between the admission score and the prog-
nostic impact of myocardial revascularization performed
during initial hospital stay (Figure 4). For the PURSUIT
and GRACE scores, this interaction reached statistical
significance.

It is worth noting that the proportion of patients who
derived clear benefit from myocardial revascularization
during initial hospital admission, in this model of multi-
variable analysis, was only 28.7% for the PURSUIT and
36.7% for the GRACE score.

Discussion

This single-centre study, based on a consecutive NSTE-
ACS cohort, demonstrated the superiority of the GRACE
RS, compared with the PURSUIT and TIMI RSs, in the esti-
mation of 1-year prognosis. This study validates the
1-year prognostic value of the GRACE and PURSUIT RSs,
as for the TIMI score, this has already been evaluated.'?

Short-term prognosis

All three RSs were able to discriminate patients with and
without events at 30 days, which is not surprising, as they
were all developed for short-term prognosis.

As expected, the performance of the TIMI and GRACE
scores was superior when the original follow-up time
and composite endpoints used for their development
were tested.

The univariate analysis identified age, as a continuous
variable, heart failure at admission and baseline serum
creatinine as significant predictors of prognosis. The
first two variables are generally identified as prognostic
markers.'> ™ Serum creatinine has only recently been
identified as a powerful risk variable,'® as it was not gen-
erally included in ACS databases in the past.

In the present study, traditional risk markers like ST-
segment depression on admission ECG or elevated
cardiac biomarkers'*"%-'® did not reach statistical signifi-
cance. This may be related to the more aggressive antith-
rombotic and early invasive management adopted for
these high-risk patients in our institution. In contrast,
studies that established the prognostic value of cardiac
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Table 4 Predictive accuracy and goodness of fit of the risk scores

30 days

1 year

C-statistic (95% Cl) P-value

(Hosmer-Lemeshow x?)

P-value
(Hosmer-Lemeshow x?)

C-statistic (95% Cl)

PURSUIT 0.615 (0.569-0.660) 0.137
TIMI 0.551 (0.504-0.597) 0.803
GRACE 0.672 (0.627-0.714) 0.125

0.630 (0.584-0.674) 0.656
0.585 (0.539-0.631) 0.760
0.715 (0.672-0.756) 0.884

Table 5 Comparison of the predictive accuracy of the risk scores

30 days 1 year

A (95% CI) P-value A (95% CI) P-value
PURSUIT vs. TIMI 0.064 (—0.054 to 0.183) 0.288 0.044 (—0.043 to 0.131) 0.319
GRACE vs. PURSUIT 0.057 (—0.058 to 0.171) 0.332 0.086 (0.004 to 0.168) 0.04
GRACE vs. TIMI 0.121 (—0.002 to 0.243) 0.054 0.130 (0.040 to 0.220) 0.004

A, Difference between the two AUCs.
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Figure 4 Interaction between the admission score and the prognostic
impact of myocardial revascularization performed during initial hospital
stay.

biomarkers used peak instead of baseline level, analysed
for our admission RSs study.

The relative performance of the different RSs can be
explained by their respective composition. Only the
GRACE score, which presented the best discriminatory
accuracy (AUC =0.672 for 30 days), included all three
identified prognostic variables.

The performance of the PURSUIT score, whose compo-
sition does not include serum creatinine, was somewhat
inferior (AUC = 0.615). Nevertheless, its discriminatory
accuracy might have been overestimated by the fact
that the same follow-up time and composite endpoint—
death and MI at 30 days—were used for its original devel-
opment and in the present study. This apparent benefit
was not observed for the other two scores.

The TIMI score presented the lowest discriminatory
accuracy. Of all the risk markers identified in our univari-
ate analysis, this score only includes age, and as a categ-
orical variable. This is a reductive approach to the
continuous prognostic value observed in the entire spec-
trum of age. The same is not observed in the GRACE and
PURSUIT scores. Because of the low incidence of signs of
heart failure on admission in the population of the TIMI
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11B trial used for the development of the TIMI score,
this variable was not included in the model, unlike in
the other two scores. This is an important limitation,
especially because the occurrence of heart failure is
much more frequent in the real world than in the
selected patients from clinical trials, and its prognostic
value is well established.”'*2°

Long-term prognosis

For the 1-year prognosis, the best performance was
achieved by the GRACE score, but all three RSs presented
higher discriminatory accuracies than observed for the
short term. These results and the relative performance
of each RS can be explained by their composition and
the univariate analysis for 1-year follow-up, which ident-
ified seven variables with prognostic impact. Besides
the three variables already described for the short
term, a past history of hypertension, recent onset of
severe angina, heart rate at admission, and ST-segment
depression on admission ECG were also identified as
significant prognostic markers. The long-term prognostic
value of these characteristics has been described in
previous studies,®"? except for recent onset of severe
angina and baseline serum creatinine. Although these
specific variables have not been evaluated, their long-
term prognostic value is established for a past history
of coronary artery disease as well as for previous renal
failure.”?'

The number of those seven variables included in each
RS is 5 for GRACE, 4 for PURSUIT and only 2 for the
TIMI RS. The composition of the TIMI RS is clearly differ-
ent from the other two scores. The main difference
between the GRACE and PURSUIT scores is based on the
inclusion of renal function in the former, which rep-
resents a significant advantage, as renal failure is an
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important independent predictor of poor long-term prog-
nosis.2""?2 Another advantage of the GRACE score is
derived from the real-world population of this clinical
registry, in contrast to the more selected population of
PURSUIT.

Interaction with the benefit of myocardial
revascularization

We found a statistically significant interaction between
the risk of death or MI at 1 year, stratified by the
best cut-off value for the GRACE and PURSUIT scores,
and the benefit of myocardial revascularization. For
the TIMI score this interaction was not statistically
significant.

The proportion of patients stratified as high risk by
the best cut-off value was higher in the TIMI score
(two-third vs. one-third for the other two scores),
demonstrating a poorer ability to discriminate between
scores 5-7 and 3-4.

Our results also demonstrated that the long-term
benefit of myocardial revascularization performed
during initial hospital admission was only clearly
observed in high-risk patients, who accounted for about
one-third of the study population. These results are in
agreement with those of the FRISC Il and TACTICS-TIMI
18 studies, which established the benefit of an early
invasive strategy, but only for high-risk patients.>'® In
the former study, high risk was defined by the combined
occurrence of elevated troponin T and ST-segment
depression on admission ECG, and this accounted for
33.9% of the studied population. In TACTICS-TIMI 18, the
benefit of an early invasive strategy on top of tirofiban
was observed for patients with a TIMI RS of at least 3 or
an elevated troponin level, corresponding to 75 and 59%
of the study population, respectively.

Applicability

The ideal score for risk stratification on admission for a
NSTE-ACS should have a good balance between complex-
ity and utility. Scores that include continuous variables
such as age, heart rate, and serum creatinine are more
powerful, but also more complex to calculate.
However, PDA applications may significantly simplify
these complex calculations such that, at the present
time, the complexity of a score is essentially determined
by factors related to data collection, rather than the
methodology involved in the calculations. In regard to
this aspect, the GRACE score is more advantageous as
all its variables are objective data.

Limitations

This is a small single-centre retrospective study and the
analysis of the interaction between the RSs and the
effect of myocardial revascularization on outcome was
based on nonrandomized data.

Conclusions

The use of RSs developed from databases of clinical trials
(PURSUIT and TIMI) or registries (GRACE) in the risk
stratification of patients with NSTE-ACS revealed a fair
to good discriminatory accuracy in predicting major
adverse cardiac events at both 30 days and 1 year.

The GRACE RS was the best for predicting the risk of
death or MI at 1 year after admission.

There was a significant interaction between the benefit
of myocardial revascularization performed during initial
hospitalization and the extent of risk evaluated by the
GRACE and PURSUIT scores.
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This editorial refers to ‘TIMI, PURSUIT, and GRACE risk
scores: sustained prognostic value and interaction
with revascularization in NSTE-ACS’" by P. de Araujo
Gongalves et al., on page 865

In their paper, de Aralijo Goncalves et al." from Portugal
compared three risk-stratification algorithms—the
Thrombolysis in Myocardial Infarction (TIMI) score,? the
Platelet Glycoprotein IlIb/llla in Unstable Angina:
Receptor Suppression Using Integrilin Therapy (PURSUIT)
score,> and the Global Registry of Acute Coronary
Events (GRACE) score” in predicting 1-year outcome in
460 consecutive patients aged 63.4 + 10.8 presenting
with  non-ST elevation acute coronary syndromes
(NSTE-ACS). Predictive accuracy of each risk score was
fair to good for death or myocardial infarction (MI) at
1-year, which occurred in 15.4% of patients (including
32 deaths and 49 MIs) with the C index ranging from
0.585 [95% confidence interval (Cl) 0.539-0.631] with
the TIMI score, to 0.630 (95% Cl 0.584-0.674) with the
PURSUIT score, and 0.715 (95% Cl 0.672-0.756) with the
GRACE score.

Of interest in this paper is the fact that the GRACE
score algorithm (a score based on a community registry)
performed better than the score algorithms derived for
30-day outcomes from trials (the TIMI and PURSUIT
scores). Table 1 of their paper summarizes the algorithms
for the calculation of these three scores. The fact that
the investigators used a computer programme available
from the GRACE project website to calculate the
GRACE score is worthy of note.

Why should the GRACE risk score perform slightly
better than the TIMI and PURSUIT risk scores? One

* Corresponding author. Tel: +64 9 630 992; fax: +64 9 630 9915.
E-mail address: harveyw@adhb.govt.nz
*doi:10.1093/eurheartj/ehi187

explanation is that the clinical trial populations from
TIMI and PURSUIT were selected on the basis of restricted
entry criteria, whereas the registry data from GRACE are
much more likely to reflect real-life practice.*® In the
TIMI trial, exclusions included planned revascularization
within 24 h. It is likely that unstable patients and patients
with heart failure were not recruited into TIMI-11
because of their possible need for early intervention.
Also, the trial excluded patients who were thought to
have a high bleeding risk from enoxaparin treatment,
and this would include the many patients who had signifi-
cant renal dysfunction. In the PURSUIT trial, exclusions
included renal failure.

The GRACE registry is based on 94 hospitals of different
sizes and with a wide range of interventional and non-
interventional centres from 14 countries in Europe,
North America, South America, Australia, and New
Zealand. Only the GRACE score algorithm gives any
weighting to renal function. Impaired renal function is
commonly seen in daily practice with most patients
=75 years having some renal impairment, and patients
with renal impairment have high event rates. In the de
Araljo Gongcalves et al.' study, those who suffered
death and MI had higher creatinine levels than those
who did not (2.8 + 1.9 vs. 1.2 + 0.5 mg/dL for 30-day
events, P < 0.001 and 2.2 + 1.7 vs. 1.2 + 0.5 mg/dL for
1-year events, P < 0.005).

There are other major differences between the three
score algorithms. The notable absence of a heart
failure variable in the TIMI score is a likely consequence
of the lower number of patients with heart failure in
the TIMI-11 trial,® and the dichotomous age cut-off may
at least partly explain the slightly lower performance of
the TIMI score for prognostication. Although risk predic-
tion from the TIMI risk score could be improved by
adding more factors, this would be at the expense of
simplicity.

© The European Society of Cardiology 2005. All rights reserved. For Permissions, please e-mail: journals.permissions@oupjournals.org
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The inherent difference in case collection between
registries and trials deserves further attention. In the
GRACE registry,” two methods were used to identify
patients—the so-called warm pursuit and cold pursuit.
With the latter approach, cases were identified retro-
spectively after discharge or death of patients on the
basis of the International Classification of Disease codes
and, even with the warm pursuit, the patients may be
identified some time after presentation. Thus, there
may be some missing data fields when compared with
prospective data collection in clinical trials, and differ-
ences in the collection of data may explain why different
parameters are retained in the different algorithms. The
TIMI risk score includes coronary risk factors, documen-
ted CAD, and the use of aspirin, which are not in the
PURSUIT or GRACE scores.

Risk scores are clearly important for informing the
patient and family about prognosis and may also be
useful to target therapies. de Araljo Gongalves et al.’
found that higher risk patients as defined by the
PURSUIT and GRACE scores benefited more from revascu-
larization. This observational finding is very interesting as
revascularization is often performed in low-risk patients
and not in high-risk patients, who are more likely to
benefit. For example, in the recent CRUSADE registry
from the United States, lower risk patients (such as
younger patients and those without heart failure) were
more likely to undergo early revascularization.® In this
registry, 44.8% of patients underwent cardiac catheteri-
zation within 48 h of presentation with NSTEACS.
Predictors of ‘early invasive management’ included
cardiologist care, young age, lack of prior or current
heart failure, lack of renal insufficiency, no ischaemic
ECG changes, no positive cardiac markers, white race,
and male gender. In addition, patients treated with the
invasive strategy were also more likely to receive other
therapies recommended by ACC/AHA guidelines, and
they had a lower risk of in-hospital mortality after adjust-
ing for other risk factors (2.5 vs. 3.7%; P < 0.001).

In the TACTICS TIMI-22 trial® where revascularization
was randomized, revascularizations decreased the com-
posite of death MI, and this benefit was seen only in
patients with a TIMI risk score >3. The TIMI risk score
has also been found to stratify those who may benefit
more from glycoprotein IIb/llla inhibition with tirofiban
in the PRISM-PLUS study and from enoxaparin in the
TIMI IIb and ESSENCE trials.> ' It is, however, important
to recognize that these risk scores are relevant to
predict prognosis when the patients receive the standard
of care provided by the participating centres and/or
specified by the trials.

Dynamic risk assessment with serial assessments can
identify changing risk in patients with NSTE-ACS who
may need more intensive therapies. For example, serial
N-terminal pro-BNP levels over the first 48-72 h have
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recently been found to help stratify patients.'” Those
with a rapidly falling BNP levels within 48-72 h after
medical therapy had improved outcome, and the
reverse was seen in those with rising BNP levels.

There is not much information available as to how
often risk assessment is actually performed in daily clini-
cal practice. The TIMI risk tool is the commonest used risk
assessment tool. It is widely available on a palm pilot and
has high user friendliness, with seven easily obtained
clinical variables. Clearly, risk models will need to be
defined further, perhaps with a multibiomarker approach
and the addition of novel markers such as myelo-
peroxidase and monocyte chemoattractant protein-1.
Dynamic risk assessment will also be important, but as
in other areas of medicine, the major challenge is for
clinicians to use the tools currently available.

References

. de AraGjo Gongalves P, Ferreira J, Aguiar C et al. TIMI, PURSUIT, and
GRACE risk scores: sustained prognostic value and interaction with
revascularization in NSTE-ACS. Eur Heart J 2005;26:865-872. First
published on March 11, 2005, doi:10.1093/eurheartj/ehi187.

. Antman EM, Cohen M, Bernink PJLM et al. The TIMI risk score for
unstable angina/non-ST elevation MI: a method for prognostication
and therapeutic decision making. JAMA 2000;284:835-842.

. Boersma E, Pieper KS, Steyerberg EW et al. Predictors of outcome

in patients with acute coronary syndromes without persistent

ST-segment elevation: results from an international trial of 9461

patients. Circulation 2000;101:2557-2567.

Eagle KA, Lim MJ, Dabbous OH et al. A validated prediction model for

all forms of acute coronary syndrome: estimating the risk of 6-month

postdischarge death in an international registry. JAMA 2004;

291:2727-2733.

. Yan AT, Jong P, Yan RT et al. Clinical trial-derived risk model may not

generalize to real-world patients with acute coronary syndrome.

Am Heart J 2004;148:1020-1027.

Ohman EM, Granger CB, Harrington RA et al. Risk stratification and

therapeutic decision making in acute coronary syndromes [commen-

tary]. JAMA 2000;284:876-878.

The GRACE Investigators. Rationale and design of the GRACE (Global

Registry of Acute Coronary Events) project: a multinational registry

of patients hospitalized with acute coronary syndromes. Am Heart J

2001;141:190-199.

Bhatt DL, Roe MT, Peterson ED et al. Utilization of early invasive man-

agement strategies for high-risk patients with non-ST-segment

elevation acute coronary syndromes: results from the CRUSADE
quality improvement initiative. JAMA 2004;292:2096-2104.

. Cannon CP, Weintraub WS, Demopoulos LA et al. Comparison of
early invasive and conservative strategies in patients with unstable
coronary syndromes treated with the glycoprotein Ilb/llla inhibitor
tirofiban. N Engl J Med 2001;344:1879-1887.

. Morrow DA, Antman EM, Snapinn SM et al. An integrated clinical
approach to predicting the benefit of tirofiban in non-ST elevation
acute coronary syndromes: application of the TIMI risk score for
UA/NSTEMI in PRISM-Plus. Eur Heart J 2002;23:223-229.

. Heeschen C, Hamm CW, Mitrovic V, Lantelme NH, White HD.
N-terminal pro-B-type natriuretic peptide levels for dynamic risk
stratification of patients with acute coronary syndromes.
Circulation 2004;110:3206-3212.

N

w

>

w

o

~N

ke

©



Capitulo 3.

Angio TC cardiaca - indicag¢des clinicas

RESUMO:

Neste capitulo é feita uma revisdo das actuais indicagdes clinicas da angio TC cardiaca, da sua acuidade diagnéstica e
respectiva correlagdo com a coronariografia invasiva.

O capitulo é acompanhado de um artigo de revisdo sobre este tema (artigo 3) e de varios artigos que ilustram a utilidade
desta técnica noutros contextos clinicos frequentes (pontagens corondrias - artigo 4; miocardiopatia hipertroéfica - artigo
6; aneurisma da aorta toracica - artigo 9) e em casos clinicos mais raros (diverticulo do ventriculo esquerdo - artigo 5;
origem anémala das coronarias - artigos 7 e 8).

Foi ainda incluido neste capitulo um artigo original sobre a rentabilidade diagnéstica de diferentes estratégias de
referenciacdo para coronariografia invasiva (artigo 10), a propoésito do qual se faz uma discussdo acerca do

posicionamento desta técnica no algoritmo de avaliagdo da doenga coronaria.

ABSTRACT:

In this chapter, the present clinical indications for cardiac CT are reviewed, as well as its diagnostic accuracy and
correlation with invasive coronary angiography.

A review manuscript on this subject (manuscript 3) is included, as well as several manuscripts that illustrate the use of
cardiac CT in frequent clinical settings (bypass grafts, manuscript 4; hypertrophic cardiomyopathy, manuscript 6;
thoracic aortic aneurism, manuscript 9) or more unusual clinical cases (left ventricular diverticulum, manuscript 5;
anomalous origin of coronary arteries, manuscripts 7 and 8).

A manuscript on the diagnostic yield of different referral strategies for invasive coronary angiography is also included
(manuscript 10), and in line with this subject, a discussion on the role of cardiac CT in the coronary artery disease

evaluation algorithm is provided.
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3.1 INTRODUCAO

Os avangos tecnolégicos no campo da tomografia computorizada tornaram possivel a realizacao
de uma coronariografia ndo invasiva, sendo esta a principal aplicagdo clinica da angio TC cardiaca
e a qual deve a vulgar designacdo de “TAC das corondrias”. Esta permite excluir a presenca de DC
obstrutiva, sendo habitualmente empregue em doentes com probabilidade pré-teste ndo elevada,
explorando o seu elevado valor preditivo negativo. Mais recentemente, a angio TC cardiaca tem
vindo a ser empregue na avaliacdo da DC noutros contextos, como é o caso da avaliacdo de
eventual DC em doentes propostos para cirurgia valvular e/ou da aorta, na avaliacao etiolégica
da miocardiopatia dilatada, na avaliacdo do doente com dor toracica no servigo de urgéncia e na
suspeita de origem anémala das artérias coronarias.

Por outro lado, a angio TC cardiaca tem igualmente sido considerada uma modalidade de elei¢ao
para avaliagdo extracoronaria, como é o caso da avaliacdo prévia de doentes para ablacdo de
fibrilha¢do auricular e procedimentos da implantacao percutanea de valvula adrtica.

Este capitulo é acompanhado de um artigo de revisdo (1) acerca das indicagdes clinicas da angio
TC cardiaca, de varios artigos de casos clinicos que ilustram algumas destas indicagdes clinicas
(2, 3) bem como o contributo desta técnica em contextos clinicos menos frequentes (4-7). Neste
capitulo esta ainda incluido um artigo que ilustra o actual processo de avalia¢do de doentes com
suspeita de DC referenciados para cateterismo cardiaco (8), tema desenvolvido na sec¢do 3.3.
Como complemento a estes artigos, e dado o crescimento exponencial da evidencia cientifica
nesta area, faz-se de seguida uma breve revisdo da acuidade diagndstica da angio TC e correlacdo
com a coronariografia invasiva (aspectos também desenvolvidos num capitulo de um livro de

texto internacional de imagem cardiovascular que acompanha o capitulo 9 da Tese).

3.2 ACUIDADE DIAGNOSTICA E CORRELACAO COM A CORONARIOGRAFIA INVASIVA

A acuidade diagnéstica da angio TC cardiaca foi avaliada por comparagdo com a coronariografia
invasiva, considerada técnica “gold-standard” para avaliagdo da DC. Os estudos iniciais foram
realizados com aparelhos de 4 (9-12) e de 16 cortes (13-17), com os quais ja foi possivel
documentar alguma robustez da técnica. No entanto, com esses aparelhos de primeira e segunda
geracdo, havia importantes limita¢des relacionadas com a elevada dura¢do da aquisicdo e
consequentemente uma necessidade de um elevado tempo de apneia e uma maior dose de
contraste (aspectos revistos no capitulo 5). Por outro lado, era frequente a presenca de
artefactos impossibilitando a analise de uma importante percentagem de segmentos da arvore
corondaria. Numa meta-andlise envolvendo 27 estudos realizados com aparelhos de pelo menos
16 cortes com comparagao sistematica com a coronariografia por cateterismo cardiaco, a angio

TC cardiaca teve uma elevada sensibilidade na andalise por doente (96%), mas uma especificidade
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mais modesta (74%), levando a um valor preditivo positivo de apenas 68% (18). Nesta meta-
andlise houve um predominio de estudos realizados com aparelhos de 16 cortes e numa
subandlise foi possivel documentar valores superiores de sensibilidade e especificidade no
conjunto dos estudos realizados com aparelhos de 64 cortes. O desenvolvimento dos aparelhos
de 64 cortes acompanhou-se de significativas melhorias na qualidade dos exames, levando a
rapida difusdo destes exames na pratica clinica diaria, sendo actualmente considerados como o
requisito minimo recomendado para a realizagdo de uma angio TC cardiaca (19, 20). Numa meta-
andlise mais recente incluindo apenas estudos com aparelhos de 64 cortes a sensibilidade na
analise por doente foi de 99%, com uma especificidade de 89%, um valor preditivo positivo de
93% e um valor preditivo negativo de 100% (21).

No entanto, a angio TC cardiaca pode ter uma baixa especificidade quando é avaliada em
contextos clinicos de maior probabilidade de doenga. No estudo prospectivo multicéntrico
ACCURACY (Assessment by Coronary Computed Tomographic Angiography of Individuals
Undergoing Invasive Coronary Angiography) que avaliou doentes estaveis com suspeita de DC
referenciados para coronariografia invasiva, embora a sensibilidade e o valor preditor negativos
tenham sido elevados (95 e 99% respectivamente), a especificidade e o valor preditivo positivo
foram mais baixos (83% e 64%) (22). Este estudo ilustra bem a nao negligenciavel taxa de falsos
positivos que pode ocorrer numa populacao nao seleccionada de doentes, uma vez que nao foram
excluidos da andlise os doentes com elevado score de cilcio, indice de massa corporal ou
frequéncia cardiaca, factores que reconhecidamente prejudicam a qualidade dos exames . Num
outro estudo multicéntrico que avaliou o desempenho diagnéstico da angio TC cardiaca em
doentes com suspeita de DC referenciados para coronariografia (incluindo doentes com dor
toracica aguda), a especificidade foi de apenas 64% e o valor preditor positivo foi de 86% (23).
Neste estudo, os segmentos com baixa qualidade de imagem resultantes de artefactos de
movimento ou marcada calcificagdo, ndo foram excluidos, sendo considerados como positivos e a
prevaléncia de DC obstrutiva (68%) foi acima do habitual para uma populacgdo avaliada por angio
TC cardiaca, factores que podem explicar a sua mais baixa especificidade neste estudo.

Assim, pela andlise dos varios trabalhos publicados, torna-se claro que a angio TC cardiaca é uma
modalidade diagndéstica com uma elevada sensibilidade e valor preditor negativo o que a torna
particularmente util para excluir a presenga de DC obstrutiva. Assim, esta técnica tem sido
frequentemente usada como alternativa a coronariografia invasiva, quando a probabilidade de
DC ndo é elevada.

A sua mais baixa especificidade e consequentes falsos positivos deve ser tida em consideragao,
nomeadamente na avaliacdo de doentes com marcada calcificacdo ou com insuficiente qualidade

de imagem, uma vez que a angio TC neste cenarios pode sobrestimar o grau de estenose.
A evolugdo recente em varios aspectos técnicos da angio TC incorporadas nos aparelhos de

ultima geragdo, nomeadamente da resolucdo temporal, espacial e de cobertura craneo-caudal,

tem vindo a contribuir para uma melhoria progressiva da qualidade dos exames, bem como a
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uma significativa reducdo na dose de contraste e de radiacdo ( ver capitulo 5), aspectos que
certamente irdo contribuir para a adop¢do em larga escala da angio TC como modalidade

diagndstico de rotina na avaliagdo da suspeita de DC.

3.3 ANGIO TC CARDIiACA NO ALGORITMO DE AVALIACAO NA SUSPEITA DE DOENCA
CORONARIA

Dado a sua elevada sensibilidade e valor preditor negativo, a angio TC cardiaca é uma técnica de
elevada acuidade na exclusdo da presenca de DC obstrutiva. Neste contexto, tem sido
essencialmente empregue para obviar a necessidade de coronariografia, em doentes cuja
probabilidade de DC obstrutiva ndo é elevada. Esta probabilidade pode ser estimada pelo uso de
scores que permitem objectivar essa probabilidade partindo de dados demograficos e clinicos
(aspecto melhor desenvolvido no capitulo 6).

Numa fase inicial, o seu uso estava recomendado essencialmente em doentes com exames de
isquémia inconclusivos ou duvidosos e em doentes que ndo podiam realizar prova de esfor¢o, por
limitacdo funcional ou por apresentarem electrocardiogramas ininterpretaveis (24, 25).

Mais recentemente, num documento de consenso acerca dos critérios de apropriagdo para o uso
da angio TC cardiaca, endossado por varias sociedades cientificas norte-americanas e publicado
em 2010 (20), foi alargado o nimero de indicag¢des clinicas para o qual a angio TC é considerada
apropriada, actualizando as anteriores recomendacdes publicadas em 2006 (24). Assim, mesmo
em doentes que ndo apresentam limitacdo a realizagdo da prova de esforco e com
electrocardiogramas interpretaveis, a angio TC foi considerada apropriada como exame para
avaliar a presenca de DC quando a probabilidade pré-teste é intermédia. Nas mesmas
recomendacdes, foi considerado apropriado o uso da angio TC cardiaca no contexto de exames de
isquémia prévios equivocos, quando existe discordancia entre o teste de imagem e a prova de
esforco, na presenga de prova de esforco negativa mas sintomas persistentes e mesmo na
presenca de teste de imagem negativo, se sintomas de novo ou com agravamento recente. Mais
recentemente, nas guidelines da NICE (National Institute for Health and Clinical Excellence) para
avaliagdo da dor toracica, a angio TC cardiaca foi recomendada como exame de primeira linha e
ndo apenas apo6s a realizacdo de prova de esfor¢o e/ou teste de imagem (26). Nestas
recomendagdes, a escolha do exame deve ser feita em fun¢do da probabilidade de DC, estando
indicada a angio TC cardiaca na baixa probabilidade (inferior a 30%), os testes de isquémia de
imagem na probabilidade intermédia (30-60%) e a coronariografia por cateterismo cardiaco
quando a probabilidade de doenca é elevada (>60%). Ainda de acordo com as recomendagdes da
NICE, a angio TC devera ser precedida da avaliacao do grau de calcificagdo corondaria (score de

calcio), ndo se avancando para administracdo de contraste se este for zero (muito pouco
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provavel existir DC significativa na origem das queixas) ou superior a 400 (por compromisso da

qualidade do exame com este nivel de calcificacdo).

Num trabalho recentemente publicado pelo nosso grupo, foi avaliada a rentabilidade diagnéstica
de diferentes estratégias de referenciacdo para coronariografia electiva por suspeita de DC (8).
Numa populacdo de 1892 doentes sem DC conhecida submetidos a coronariografia invasiva, 43%
ndo tinha DC obstrutiva, apesar de a grande maioria ter sido referenciada com base num teste
ndo invasivo positivo (em 82% dos casos). A angio TC cardiaca foi empregue apenas numa
minoria dos doentes, mas nestes a rentabilidade da referenciacdo para coronariografia invasiva,
avaliada pela percentagem de doenca obstrutiva documentada, foi superior (81 vs 51%) ao dos
exames nao invasivos baseados na detec¢do de isquémia (prova de esfor¢o, ecocardiograma de

sobrecarga e cintigrafia de perfusdo miocardica).

A baixa rentabilidade da coronariografia invasiva com base no actual esquema de referenciagdo
baseado essencialmente em exames de isquémia foi também ilustrada numa andlise do registo
multicéntrico CathPCI do NCDR (National Cardiovascular Data Registry) recentemente publicada
e que envolveu quase 400.000 doentes (27). Neste registo que reflecte a pratica clinica norte-
americana, a taxa de DC obstrutiva identificada na coronariografia invasiva foi de apenas 38%,
apesar de a grande maioria (84%) ter sido referenciada em face do resultado de um exame nao
invasivo. Algumas criticas foram feitas a este trabalho, porque nem sempre esse exame que
motivou a referenciagdo para coronariografia foi um exame de isquémia uma vez que em alguns
casos a referenciacdo foi baseada no resultado de um electrocardiograma simples o que pode ter
justificado o valor preditivo modesto da positividade de um teste nao invasivo prévio (OR
ajustado de 1,28).

Assim, a elevada taxa de coronariografias por cateterismo cardiaco realizadas com objectivo
puramente diagndstico continua a ser bastante alto, deixando em aberto a adopgdo futura de
modalidades alternativas de diagnéstico como é o caso da coronariografia por angio TC cardiaca

que podera obviar em muitos casos a realizagdo do procedimento invasivo.
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Angio TC cardiaca: o fim da coronariografia
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RESUMO

Nos dltimos anos temos assistido a uma
rdpida evolugdo na tecnologia de Tomografia
computorizada (TC) multicortes, com uma
melhoria crescente da resolugdo temporal

e espacial, fazendo desta uma robusta
modalidade na avaliacdo das artérias
corondrias. Apesar da coronariografia invasiva
ser ainda considerada o exame de referéncia
para diagnostico de doenga coronéria,
existem vérias indicagdes para as quais a
coronariografia por AngioTC cardiaca podera
vir a ser considerada o exame de primeira
linha em detrimento da coronariografia por
cateterismo cardfaco. Dado o seu elevado
valor preditor negativo, esta técnica revela-se
particularmente dtil para excluir a presenca de
estenoses corondrias significativas, evitando
assim procedimentos diagnésticos invasivos
desnecessarios, nomeadamente em doentes
com probabilidade intermédia e exames de
isquémia e/ou queixas inconclusivas ou na
avaliacfio corondria que antecede a cirurgia
valvular ou da aorta.

A angioTC cardfaca ndo se esgota na
coronariografia ndo invasiva, e a avaliagdo
cardfaca extra-corondria, nomeadamente

da funcdo ventricular esquerda, bem como

a avaliacdo de achados extra-cardiacos
contribuem para a rentabilidade deste exame.

Palavras-Chave
Angio TC cardfaca; Cateterismo cardfaco;

Doenga corondria; Diagnéstico.

ABSTRACT

Cardiac CT: the end of invasive coronary
angiography as a diagnostic procedure?

In recent years, multislice computed
tomographic (CT) technology has progressed
rapidly, with significant improvements in
spatial and temporal resolution, and has
become a powerful technique for coronary
artery evaluation. Although invasive
angiography is still considered the gold
standard for the diagnosis of coronary artery
disease, there are several indications for
which coronary CT angiography (CTA) may
become the first-line exam, instead of invasive
catheter-based coronary angiography.
Because of its high negative predictive value,
CTA is very useful to rule out significant
coronary stenosis, thus avoiding unnecessary
invasive diagnostic procedures, particularly
in patients with intermediate probability and
inconclusive stress tests and/or symptoms,

or in routine coronary evaluation of patients
scheduled for valvular or aortic surgery.

CTA is not limited to non-invasive coronary
angiography; it can make important additional
diagnostic contributions in both extra-coronary
cardiac evaluation, such as left ventricular
function, and assessment of extracardiac
findings.

Key words
Cardiac CT; Cardiac catheterization;

Coronary artery disease; Diagnosis.
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INTRODUCAO

Acoronariograﬁa invasiva por cateterismo
cardfaco tem sido considerada a modalidade
de eleicdo para identificar a presenga de
doenca corondria. Para além de confirmar a sua
presenca e caracterizar a anatomia corondria e a
gravidade e distribui¢do das lesdes, a sua maior
vantagem reside na possibilidade de se realizar,
quando indicada, revascularizagdo miocérdica
por angioplastia. No entanto, numa elevada
percentagem dos casos, apenas é realizada a
coronariografia diagnéstica, ndo sendo o doente
subsequentemente submetido a angioplastia.
Existem vérias justificagdes para esta dis-
crepancia entre o nimero de coronariografias
diagnésticas e o ntmero de angioplastias: em
primeiro lugar, em alguns casos ndo se confirmam
as suspeitas dos exames ndo invasivos e na
coronariografia ndo se documenta a presenca
de estenoses significativas; em segundo lugar,
uma percentagem significativa é
por doentes com patologia valvular ou da aorta
tordcica com indicagdo cirdrgica, nos quais estd
indicada a realiza¢do de uma coronariografia na
avaliagdo de rotina pré-operatéria; em terceiro
lugar, em alguns casos, apés a coronariografia
opta-se por outra modalidade terapéutica,
nomeadamente optimizagdo da terapéutica
médica ou cirurgia de revascularizagdo. Nas
estatisticas mais recentemente publicadas da
Sociedade Europeia de Cardiologia, a proporgao
média de procedimentos de intervengdo
para coronariografias foi de 33% ou seja,
cerca de 2 em cada 3 das coronariografias
invasivas ndo motivaram um procedimento de
intervengdo!". Apesar de se tratar actualmente
de um procedimento bastante seguro, trata-se
de um exame invasivo e assim tem um risco de
complicagdes que, apesar de pouco frequentes,
ocorrem por vezes em procedimentos puramente
diagnésticos.

Com a evolugdo recente na tecnologia de
tomografia computorizada multicortes, tornou-
-se possivel a realiza¢do de uma coronariografia
de uma forma néo invasiva. A elevada acuidade
diagnéstica demonstrada nos estudos compara-
tivos com coronariografia invasiva, justificam
que, para algumas indicagdes, a angiografia por
tomografia computorizada (AngioTC) cardiaca
seja considerada uma modalidade diagnéstica

alternativa 2 coronariografia por cateterismo

constituida
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INTRODUCTION

Invasive catheter-based coronary angiography
is considered the first-line technique for
detection of coronary artery disease (CAD).
Besides confirming the presence of CAD and
characterizing coronary anatomy and the severity
and distribution of lesions, its main advantage
is that it affords the possibility, when indicated,
of performing myocardial revascularization by
angioplasty. However, in a large percentage
of cases, the procedure is merely diagnostic
and the patient does not undergo angioplasty.
There are various reasons for the discrepancy
between the number of diagnostic exams and the
number of angioplasties. Firstly, in some cases
the suspicions aroused by non-invasive exams
are not confirmed and coronary angiography
does not detect significant stenosis; secondly, a
significant proportion of patients have valvular
or thoracic aortic disease with indication for
surgery, coronary angiography being used in these
patients for routine pre-operative evaluation;
and thirdly, a different therapeutic approach
may be chosen following coronary angiography,
for example optimization of medical therapy or
revascularization surgery. According to the latest
statistics published by the European Society
of Cardiology (ESC), the mean percentage of
interventions during coronary angiography was
33%; in other words two out of three invasive
angiograms do not result in an intervention.
Although the procedure is now very safe, it is
an invasive exam and as such carries a risk
of complications that, while uncommon, do
sometimes occur during purely diagnostic
procedures.

With the recent development of multislice
computed tomographic technology, non-invasive
coronary angiography is now feasible. Its high
diagnostic accuracy demonstrated in comparative
studies with invasive coronary angiography
means that for certain indications cardiac CT
angiography (CTA) is considered an alternative
diagnostic modality to catheter-based coronary
angiography®*.

The various indications for which cardiac
CTA may replace catheter-based coronary
angiography as the first-line exam are reviewed
below.




cardfaco®®.

De seguida, revéem-se varias indicagdes para
as quais a coronariografia por AngioTC cardiaca
poder4 vir a ser considerada o exame de primei-
ra linha em detrimento da coronariografia por
cateterismo cardfaco.

EXCLUIR A PRESENCA DE ESTENOSES
CORONARIAS  SIGNIFICATIVAS EM
DOENTES COM PROBABILIDADE IN-
TERMEDIA DE DOENCA CORONARIA

Viérios trabalhos publicados na literatura
documentam o elevado valor preditor negativo
da angioTC cardfaca, que apresenta uma con-
sistente baixa taxa de falsos negativos quando
comparada com a técnica de referéncia - a
coronariografia por cateterismo cardfaco. Num
trabalho de revisdo recentemente publicado
pelo grupo de estudos da Sociedade Europeia de
Cardiologia, reunindo os trabalhos publicados
com os aparelhos de tltima geragdo (64 cortes e
64 cortes de dupla ampola), envolvendo mais de
800 doentes, com comparagdo sistemdtica com a
angiografia convencional, a sensibilidade foi de
89%, a especificidade com 96% e o valor preditor
negativo foi de 98%?. Assim, a consistente
baixa taxa de falsos negativos torna este exame
muito atractivo para a exclusdo da presenca de
doenca corondria em doentes com probabilidade
intermédia de doenga corondria e esta é de facto
a indica¢do mais importante e mais frequente
para a realiza¢do de uma angioTC cardfaca. Num
trabalho recentemente publicado por Meijboom et
al®, a acuidade diagnéstica da angioTC cardiaca
foi avaliada de acordo com a probabilidade
pré-teste de doenga corondria, tendo os autores
concluido que esta é mais util nos doentes com
probabilidade baixa/intermédia, onde se pode
excluir com elevado grau de certeza a presenca
de doenga corondria significativa e evitar assim
a coronariografia invasiva. Os doentes que mais
se enquadram dentro desta indicagdo s@o os
que tem exames de documentagdo de isquémia
inconclusivos ou quando apesar de positivos, a
probabilidade de acordo com a avaliagdo clinica
(idade, sexo, queixas, perfil de risco) apontam
para provavelmente se tratar de um falso positivo.
A exclusdo de estenoses corondrias com um
exame com elevado valor preditor negativo como
é o caso da angioTC cardfaca permite assim
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EXCLUSION OF SIGNIFICANT CORO-
NARY STENOSIS IN PATIENTS WITH
INTERMEDIATE PROBABILITY OF
CORONARY ARTERY DISEASE

Various studies have demonstrated the high
negative predictive value of cardiac CTA, which
has a consistently lower rate of false negatives
than the gold standard technique of invasive
catheter-based coronary angiography. A review
published by the ESC working group involving
over 800 patients and systematically comparing
state-of-the-art equipment (64-slice and 64-
slice dual source systems) with conventional
angiography reported 89% sensitivity, 96%
specificity and 98% negative predictive value for
the former®. The consistently low false-negative
rate makes this exam particularly attractive
for excluding the presence of coronary artery
disease in patients with intermediate probability
for CAD and this is in fact the most common
indication for performing cardiac CTA. In a
recent study by Meijboom et al.?), the diagnostic
accuracy of cardiac CTA was assessed according
to the pretest probability of CAD, the authors
concluding that it was most useful in patients
with low or intermediate probability, in whom it
can exclude the presence of significant CAD with
a high level of certainty and thus avoid invasive
coronary angiography. The patients most likely
to benefit from this indication are those with
inconclusive ischemia testing or those with a
positive test but in whom the probability based
on clinical assessment (age, gender, symptoms
and risk profile) suggests that it is probably a
false positive. Using an exam with a high negative
predictive value such as cardiac CTA to exclude
coronary stenosis avoids unnecessary cardiac
catheterization in such patients (Figs. 1 and 2.

CORONARY EVALUATION PRIOR TO
CARDIAC SURGERY

Coronary angiography prior to surgery is
indicated in a wide range of patients with valvular
disease, to detect the presence of significant
concomitant CAD. According to the latest ESC
guidelines on the management of valvular heart
disease, besides being indicated in patients with
a history of CAD, suspected myocardial ischemia
or left ventricular systolic dysfunction, coronary
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evitar nestes doentes a realizacio desnecessdria
de cateterismo cardiaco (Fig. 1e 2

angiography is also recommended in those with
only a single risk factor, or even none in the
case of men aged over 40 or postmenopausal

women®,

Figura 1. Reconstrugées de volume (VRT), multiplanar (MPR) e coronariografia virtual, em exame com boa qualidade
de imagem documentando artéria coronaria direita sem placas significativas.

Figure 1. Volume-rendered reconstruction (VRT), multi-planar reconstruction (MPR) and virtual coronary angiography:
good quality images showing right coronary artery without significant plaques.

Figura 2 Reconstrugdes de volume (VRT), multiplanar (MPR) e coronariografia virtual, em exame com boa qualidade

d

dei d ando artéria d

te anterior sem placas significativas.

Figure 2 Volume-rendered reconstruction (VRT), multi-planar reconstruction (MPR) and virtual coronary angiography:
good quality images showing left anterior descending artery without significant plaques.

AVALIAGAO CORONARIA PRE-CIRUR-
GIA CARDIACA

Na presenca de doenga valvular com
indicagdo cirtrgica, estd indicada a realizagdo
de coronariografia, para avaliar a presenca
concomitante de doenga corondria significativa,
sendo esta indica¢do bastante abrangente. De
acordo com as ultimas recomendagdes de manejo
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It is common in such patients to find no
significant CAD, and even when it is present,
coronary angiography is merely diagnostic,
surgical revascularization being performed at
the same time as valve surgery. This means that
patients are exposed to the risks inherent in an
invasive exam for purely diagnostic purposes.
While the risks are low, they are not negligible,
particularly in patients under anticoagulant




das doencas valvulares da Sociedade Europeia
de Cardiologia, para além de estar indicada em
doentes com antecedentes de doenga corondria,
com suspeita de isquémia miocdrdica ou com
disfuncdo sistélica ventricular esquerda, a
coronariografia estd ainda indicada na presenca
de apenas um factor de risco e mesmo na
auséncia destes, caso se trate de um doente do
sexo masculino com mais de 40 anos, ou de uma
mulher pés menopausica®.

Nestes doentes, é frequente ndo se encontrar
doenca corondria significativa e mesmo nos casos
em que existe doenga corondria associada a do-
enca valvular, apenas é realizada a coronariogra-
fia diagnéstica, sendo a revasculariza¢do feita
cirurgicamente aquando da cirurgia valvular.
Deste modo, os doentes sdo expostos aos riscos
inerentes a um exame invasivo, para fins
puramente diagnésticos. Estes riscos, apesar
de baixos, ndo sdo despreziveis, nomeadamente
em doentes anticoagulados ou na presenca de
insuficiéncia aértica, reconhecidos preditores de
complicagdes hemorrdgicas.

Num estudo que incluiu 70 doentes com
indicag@io para cirurgia valvular”, foi avaliada
a acuidade diagnéstica da angioTC cardiaca, em
comparagdo com a coronariografia convencional.
Neste trabalho, realizado com um aparelho de 64
cortes foram excluidos doentes com fibrilhagao
auricular e insuficiéncia renal e englobou vdrios
tipos de valvulopatia, inclusive doentes com
estenose aoértica. O desempenho diagnéstico
da angioTC cardfaca foi excelente, com uma
sensibilidade de 100%, especificidade de 92%,
valor preditor positivo de 82% e valor preditor
negativo de 100%. Dos 4 falsos positivos ve-
rificados, 3 foram em doentes cuja valvulopatia
era estenose adrtica. Este constitui um subgrupo
de doentes valvulares onde provavelmente esta
técnica se depara ainda com algumas limita¢oes,
uma vez que se tratam habitualmente de doentes
mais idosos, com maior probabilidade de doenca
corondria concomitante e com elevada prevalén-
cia de lesdes corondrias calcificadas, cujo grau
de estenose é habitualmente sobrevalorizado na
angioTC. Num outro trabalho que incluiu apenas
doentes com estenose aértica, o valor médio de
score de cédlcio foi de 609+860 e foi identificado
o limiar de 1000, valor a partir do qual a
frequéncia de segmentos ndo interpretdveis era
bastante elevada®.

Os doentes com fibrilhagao auricular, frequen-
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therapy and those with aortic regurgitation,
which are recognized predictors of bleeding
complications.

A study of 70 patients referred for cardiac
valve surgery” assessed the diagnostic accuracy
of cardiac CTA compared to conventional
coronary angiography. The study excluded
patients with atrial fibrillation (AF) and renal
failure, and covered various types of valve
disease, including aortic stenosis. The diagnostic
performance of cardiac CTA, using a 64-slice
system, was excellent, with 100% sensitivity,
92% specificity, 82% positive predictive value
and 100% negative predictive value. Three of the
four false positives were in patients with aortic
stenosis, and the technique probably still has
certain limitations in this patient subgroup, since
they are usually older and thus more likely to
have concomitant CAD with a high prevalence of
calcified lesions, in which the degree of stenosis
is generally overestimated by CTA. In another
study that included only patients with aortic
stenosis, the mean calcium score was 609+860;
a threshold of 1000 was identified, beyond which
the proportion of non-interpretable segments was
too high®.

Patients with AF, which is common in
the context of mitral disease, are another
subgroup in whom coronary CTA has lower
diagnostic accuracy. This arises from the need to
synchronize the images acquired with the ECG,
which is particularly difficult in the presence of
considerable RR variability. The better temporal
resolution of the latest 64-slice dual source
CT systems may overcome this limitation and
initial studies have been promising®'” (Fig. 3.
Moreover, new 320-slice systems that provide
sufficient craniocaudal coverage to acquire the
entire heart in a single rotation, thus eliminating
stair-step artifacts, also have great potential in
these patients. For now, AF remains a significant
obstacle to obtaining a good diagnostic quality
CT coronary angiogram in most AF patients
using standard 64-slice equipment.

Non-invasive coronary angiography is thus a
good alternative for pre-operative evaluation of
CAD in the context of valve disease. In fact, while
not as yet a recommendation, the use of cardiac
CTA by experienced centers is mentioned in the
latest ESC guidelines on valvular heart disease
as a way to exclude CAD in patients with low
probability©.
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Figura 3 Reconstrucdes de volume (VRT) do mesmo doente em fibrilhagao auricular com resposta ventricular média
de H/nin durante a aquisicio, com grande variabilidade RR (60139 . A - reconstrucio automitica em -275ms; B-

reconstrugao apés ediciao manual do ECG.

Figure 3 Volume-rendered reconstruction (VRT) of the same patient in atrial fibrillation with mean ventricular rate
of 95bpm and considerable RR variability (60-139). A: automatic reconstruction at -275ms; B: reconstruction after

manual editing of the ECG.

te no contexto de doenga mitral, constituem um
outro subgrupo em que a coronariografia por
TC tem uma menor acuidade diagnéstica. Este
facto resulta da necessidade de sincronizar com
o ECG as imagens adquiridas, o que se torna
particularmente dificil quando existe grande
variabilidade RR. A elevada resolugao temporal
dos aparelhos de angioTC de dltima geragdo
de 64 cortes de dupla ampola, poderd vir a
ultrapassar esta limitagdo, sendo a experiéncia
inicial bastante promissora®? (Fig. 3. Por
outro lado, os novos aparelhos de 320 cortes, ao
permitir uma cobertura craneo-caudal suficiente
para a aquisi¢do cardfaca total numa s6 rotagdo,
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ASSESSMENT OF PATIENTS WITH
PREVIOUS MYOCARDIAL REVASCU-
LARIZATION

Monitoring of patients with previous surgical
or percutaneous myocardial revascularization is
by clinical assessment and ischemia testing, and
control coronary angiography is not routinely
indicated. However, it can be scheduled during
follow-up in certain cases, generally following
complex interventions, such as angioplasty
of the left main coronary artery, or in patients
enrolled in clinical trials evaluating new stents.
Assessment of stent patency is hindered by




eliminando assim os artefactos de escada, terdo
um elevado potencial de aplica¢@o nestes doen-
tes. De qualquer modo, a fibrilha¢do auricular é
ainda uma importante limitagdo a realizagio de
uma coronariografia por TC de boa qualidade
diagnéstica, na grande maioria dos doentes, com
os aparelhos standard de 64 cortes.

A realizac¢@o da coronariografia ndo invasiva
poder4 ser assim uma boa alternativa para estudo
pré-operatério de doenga corondria no contexto
de doenga valvular. De facto, apesar de ndo
conslituir ainda uma recomendagfo, nas mais
recentes guidelines de doengas valvulares da
ESC, vem j4 referida a hipétese de, em doentes
com baixa probabilidade, ser realizada a exclusdo
de doenga corondria por angioTC cardfaca, em
centros com experiéncia nesta técnica®.

Pedro de Araijo Gongalves et al.
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artifacts arising from the alloys used in stents, as
well as by stent diameter, because of CTA’s limited
spatial resolution compared to conventional
angiography. However, most modern stents of a
reasonable caliber (>3 mm) can be assessed. In
arecent review by the ESC Working Group of the
results of various studies comparing 64-slice and
64-slice dual source systems with conventional
angiography, 88% of the 684 stents included in
these studies were correctly assessed®. Thus, for
cases in which control angiography is indicated
during follow-up and particularly when there is
a low likelihood of need for further percutaneous
intervention, CTA may be a good alternative
(Fig. 4.

In patients with previous coronary bypass
surgery, the usefulness of cardiac CTA depends
mainly on the clinical reason for the exam. If
the objective is to assess bypass graft patency,
CTA is highly accurate, not only because of its
sensitivity but also due to its high specificity in

Figura 4 Reconstrucao multiplanar (MPR) e coronariografia virtual, documentando auséncia de restenose de um stent
Xience 3 5/8mm no tronco comum.

Figure 4 Multi-planar reconstruction (MPR) and virtual coronary angiography showing absence of restenosis in a

3 %8 Omm Xience stent in the left main coronary artery.
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AVALIACAO DE DOENTES COM ANTE-
CEDENTES DE REVASCULARIZACAO
MIOCARDICA

0 seguimento dos doentes com antecedentes
de revascularizagdo miocdrdica cirdrgica ou
percutanea é feito clinicamente e com exames
de documentagao de isquémia, ndo estanto indi-
cada a realizagdo, por rotina, de uma nova
coronariografia de controlo. No entanto, em
determinados casos, fica planeada a realizagdo
de nova coronariografia no seguimento. Habi-
tualmente tratam-se de casos de intervengdes
complexas, como é o caso da angioplastia do
tronco comum ou entdo de doentes incluidos em
ensaios clinicos para avaliagdo de novos stents.
A avaliagdo da paténcia dos stents é prejudicada
pelos artefactos resultantes das ligas metdlicas
dos stents. Esta depende ndo s6 do tipo de liga
metilica, mas sobretudo do didmetro do stent,
dadas as limitagdes de resolugdo espacial desta
técnica, em comparagio com a angiografia
convencional. De qualquer modo, a grande
maioria dos stents de nova gera¢do, desde
que tenham um calibre razodvel (>3mm), sdo
passiveis de avaliagdo. Numa revisdo recente
do grupo de estudos da Sociedade Europeia de
Cardiologia, englobando os resultados de vérios
trabalhos publicados com aparelhos de 64 cortes
e 64 cortes de dupla ampola, com comparagio
sistemdtica com angiografia convencional, 88%
dos 684 stents incluidos nestes estudos, foram
correctamente avaliados”. Assim, para os casos
em que esteja indicada uma nova coronariografia
no seguimento e sobretudo quando se antecipa
uma baixa probabilidade de nova intervengdo
percutinea, a coronariografia por TC poderd
constituir uma boa alternativa. (Fig. 4

No caso dos doentes com antecedentes
de cirurgia corondria, a utilidade da angioTC
cardfaca depende sobretudo da questdo clinica.
Se o objectivo for documentar a paténcia das
pontagens, a acuidade da angioTC é elevada, ndo
s6 pela habitual sensibilidade, mas também por
uma elevada especificidade, dado tratar-se de
vasos de maior calibre, com menor movimento e
cujas lesdes habitualmente ndo sdo calcificadas
(Fig. 9. No caso das pontagens arteriais, apesar
da presenca de artefactos resultantes dos clips
metdlicos (Fig. 6), a sua avaliagdo é igualmente
possivel na grande maioria dos casos e é ainda
possivel avaliar a sua relagdo com a parede
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assessing large caliber vessels that are liable to
move less and in which the lesions are generally
not calcified (Fig. 9. Arterial grafts can also be
assessed in most cases, despite the presence
of surgical clip artifacts (Fig. 6), as can their
relationship to the thoracic wall, which is useful
information when repeat sternotomy is necessary.
A recent study assessing 418 bypass grafts in 138
patients with a standard 64-slice system reported
97% specificity, with no significant differences
between venous and arterial grafts'!.

However, assessment of native circulation in
such patients is more difficult due to the presence
of advanced coronary atherosclerosis, frequently
with widespread disease, multiple calcified
plaques and small caliber arteries, all significant
limitations given the current spatial resolution of

CTA, even using the latest systems(?.

INDICATIONS IN
DEPARTMENT

THE EMERGENCY

Exclusion of acute coronary syndrome
(ACS) in patients in the emergency department
difficult, particularly ~when
initial assessment detects no significant ECG
abnormalities and biomarkers of myocardial
damage are negative. Patients often remain under
observation, serial assessments being performed
until the likelihood of ACS is considered low. In
cases of an apparently normal ECG and negative
biomarkers, using CTA to exclude significant
coronary disease would enable rapid risk
stratification and earlier discharge. Conversely,
it could also identify patients who do in fact
have significant coronary disease despite being
considered at low risk on the basis of conventional
assessment by ECG and biomarkers. Initial
studies have demonstrated the high diagnostic
accuracy of CTA in this context!"*!", as well as
its cost-effectiveness, compared to stratification
using standard algorithms". A study following
patients discharged early after exclusion of
significant CAD by CTA reported no significant
coronary events'?. Further studies will help to
validate the prognostic impact of this strategy.

Besides ACS, differential diagnosis of
patients admitted to the emergency department
with acute chest pain includes aortic dissection
and pulmonary embolism. Protocols have been
developed that enable assessment of these three

is  sometimes
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Figura 5 Reconstrucdes de volume (VRT) e multiplanar (MPR) documentando lesao significativa do segmento médio de
uma safena para obtusa marginal; imagem correspondente da coronariografia invasiva.

Figure 5 Volume-rendered reconstruction (VRT) and multi-planar reconstruction (MPR) showingsignificant lesion of the
mid segment of a saphenous vein to obtuse marginal graft. Corresponding image from invasive coronary angiography.

Figura 6 Reconstrucées de volume (VRT) e multiplanar (MPR) documentando paténcia da pontagem de mamaria
interna esquerda para a descendente anterior, bem como doenca significativa calcificada suboclusiva na descendente
anterior a montante da anastomose.

Figure G Volume-rendered reconstruction (VRT) and multi-planar reconstruction (MPR) showing patent internal
mammary to left anterior descending graft (LAD), as well as significant calcified subocclusive disease in the LAD

upstream of the anastomosis.

tordcica, informacdo ttil nos casos em que é
necessdrio nova esternotomia. De facto, num
trabalho recentemente publicado que envolveu
a avaliagdo de 418 pontagens em 138 doentes
com um aparelho de 64 cortes convencional,
a especificidade chegou aos 97% e nao houve
diferengas significativas entre pontagens venosas
ou arteriais'.
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important pathologies in a single CT scan, known
as “triple rule-out”(719),

Finally, for some patients admitted to the
emergency department with chest pain, the
diagnosis is myocarditis or myopericarditis. Such
cases often present repolarization abnormalities
onthe ECG and positive biomarkers of myocardial
damage, so differential diagnosis must be made
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No entanto, nestes doentes, a avaliagdo da
circulagdo nativa torna-se mais dificil, dada a
presenga de aterosclerose corondria avancada,
sendo frequente a presenga de doenca difusa,
multiplas placas calcificadas e artérias de
pequeno calibre, limita¢des importantes perante
a actual resolugdo espacial destes exames,
mesmo com os aparelhos de tltima geragao!'?.

INDICACOES NO SERVICO DE URGEN-
CIA

A avaliagdo de doentes no servigo de urgéncia
para exclusdo da hipétese de sindrome corondrio
agudo (SCA) é por vezes dificil, sobretudo
nos casos em que na avaliagfo inicial ndo se
detectam alteragdes significativas no ECG e os
biomarcadores de lesdo miocdrdica sdo negativos.
Estes doentes ficam por vezes em observagao,
fazendo avaliagdes seriadas até ser considerada
baixa a probabilidade de se tratar de um SCA.
Nestes casos em que o ECG é “inocente” e os
biomarcadores negativos, a exclusdo de doenga
corondria significativa por angio TC poderd
permitir uma rdpida estratificacdo de risco,
conduzindo a uma alta precoce. Por outro lado
poderd também identificar alguns
que com base na avaliagdo convencional com
ECG e biomarcadores seriam considerados de

doentes

baixo risco e que apresentam de facto doenca
corondria significativa. Alguns estudos iniciais
documentaram a elevada acuidade diagnéstica da
angioTC neste contexto!¥, bem como o custo-
-eficdcia desta estratégia, quando comparada com
aestratificagiio pelos algoritmos convencionais!".
Num estudo em que foi feito o seguimento dos
doentes a quem foi dada alta precoce, apés
exclus@o de doenga corondria significativa pela
angio TC, foi documentada a auséncia de eventos
corondrios significativos nesta popula¢do'®. Mais
trabalhos contribuirdo certamente para validar o
impacto prognéstico desta estratégia.

No diagnéstico diferencial do doente admitido
no servigo de urgéncia com dor tordcica aguda,
para além dos sindromes corondrios agudos
fazem igualmente parte a dissec¢do da aorta e
a embolia pulmonar. Foram ji desenvolvidos
protocolos que permitem avaliar estas 3 patolo-
gias importantes na mesma aquisi¢do — protocolo
triple rule out'"®.

Finalmente, alguns doentes admitidos no
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with ACS, for which they are generally referred for
invasive coronary angiography to exclude CAD.
Since many of these patients — usually young
individuals with no history of cardiovascular
disease and a low risk profile — have a low
probability of CAD, this situation would be a
good indication for non-invasive angiography
using CTA. Studies have yet to be performed to
validate this strategy.

CARDIAC CT ANGIOGRAPHY BEYOND
NON-INVASIVE CORONARY ANGIO-
GRAPHY: EXTRA-CORONARY CARDIAC
EVALUATION AND ASSESSMENT OF
EXTRACARDIAC FINDINGS

Another advantage of CTA compared to con-
ventional coronary angiography is that it can
provide extra-coronary cardiac information
and assess extracardiac findings in the same
exam, without the need to increase radiation or
contrast doses. Although extra-coronary cardiac
evaluation is not usually the reason for the exam
and most patients will already have undergone
echocardiography, findings may be identified
that went undetected in previous
particularly in patients with poor acoustic
windows"?) (Fig. 7).

The technique also scans the thoracic
segments included in cardiac acquisition, and
extracardiac findings are common in the lung
and mediastinal fields®?.

exams,

CARDIAC CT ANGIOGRAPHY BEYOND
DOCUMENTING SIGNIFICANT STE-
NOSIS: PLANNING REVASCULARIZA-
TION STRATEGIES

Although exclusion of CAD is the main
indication for cardiac CTA, when significant
coronary stenosis is detected the information
provided by this exam can be useful in planning
revascularization strategies.

Recent
value of cardiac CTA to predict the outcome
of recanalization of chronic occlusions®*Y
and to assess distribution patterns of coronary
bifurcation lesions®?%, which
decisions regarding revascularization (Fig. &.

Cardiac CTA can also characterize plaques,

studies have demonstrated the

is useful in
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Figura 7 Reconstrucdes de volume (VRT) e multiplanares (MPR) num doente que realizou angioTC cardiaca para
avaliacao pré-ablagao de fibrilhacao auricular. Para além da exclusao de trombo no apéndice auricular esquerdo A),
avaliac@o do padrao de distribuicdo das veias pulmonares (B), avaliacao coronaria (C) e medi¢ao do volume da auricula
esquerda (D), foi ainda diagnosticada uma miocardiopatia hipertréfica apical.

Figure 7. Volume-rendered reconstruction (VRT) and multi-planar reconstruction (MPR) of a patient undergoing
cardiac CT angiography for pre-ablation assessment of atrial fibrillation. As well as excluding thrombus in the atrial
appendage (A), assessing the distribution of the pulmonary veins (B), coronary evaluation (C), and measurement of left
atrial volume (D), apical hypertrophic cardiomyopathy was also diagnosed.

servico de urgéncia por precordialgia, o dia-

gnostico é de miocardite ou miopericardite.
Como é frequente estes casos se acompanharem
de alteragdes da repolarizacgio no ECG e
de positividade dos biomarcadores de lesdo
miocérdica, torna-se necessdrio fazer o dia-
gnostico diferencial com sindrome corondrio
agudo, pelo que geralmente sdo propostos para
a realizagdo de coronariografia invasiva para
exclusdo de doenga corondria. Como em muitos
destes casos a probabilidade de doenga coron4-
ria é baixa — tratam-se geralmente de individuos
jovens, sem antecedentes cardiovasculares e
com baixo perfil de risco - esta seria uma boa
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particularly the presence of calcification, which
is also important for coronary interventions,
since angioplasty of calcified coronary lesions is
generally more difficult and sometimes requires
special devices.

OTHER INDICATIONS

There are other clinical situations for which
cardiac CT could be considered the first-line exam
instead of conventional coronary angiography,
one of which is suspected anomalous origin of
the coronary arteries, a known cause of sudden
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indicagd@o para coronariografia ndo invasiva por
angioTC. Aguardam-se ainda estudos que vali-
dem esta estratégia.

A ANGIO TC CARDIACA PARA ALEM DA
CORONARIOGRAFIA NAO INVASIVA:
AVALIACAO CARDIACA EXTRA-CORO-
NARIA E ACHADOS EXTRA-CARDIA-
CcoSs

Outra vantagem da angioTC em relagdo a
coronariografia convencional reside na pos-
sibilidade de se obter no mesmo exame,
informagdo cardfaca extra-corondria e avaliar
achados extra-cardfacos, sem que para isso
seja necessdrio aumentar a dose de radiagdo ou
de contraste. No que diz respeito a avaliagdo
cardfaca extra-corondria, embora este ndo seja
habitualmente o motivo do exame e geralmente
os doentes ja tenham feito anteriormente um
ecocardiograma, por vezes sdio documentados
achados que passaram despercebidos nos
exames anteriores, nomeadamente em doentes
com deficiente janela actstica’?". (Fig. 7

Nestes exames é ainda feita uma leitura
dos segmentos tordcicos incluidos na aquisigdo
cardfaca, igualmente frequentes os
achados extracardfacos nos campos pulmonares
ou mediastinicos®.

sendo

A ANGIO TC CARDIACA PARA ALEM
DA DOCUMENTACAO DE ESTENOSES
SIGNIFICATIVAS: PLANEAMENTO DA
ESTRATEGIA DE REVASCULARIZACAO

Embora a exclusdo da presenga de CAD
seja a principal indicagdo para a realizacdo de
uma angioTC cardfaca, nos casos em que se
identificam estenoses corondrias significativas
a informagdo recolhida neste exame poderd
ser util no planeamento da estratégia de
revascularizagdo.

Trabalhos publicados recentemente demons-
tram a utilidade da angio-TC cardiaca para
identificar preditores de sucesso de recanali-
zagdo de oclusdes crénicas®?Y e para avaliar
padrdes de distribui¢do das lesdes corondrias
em bifurcagdo®?”, informagdo dtil para o
planeamento da estratégia de revascularizagdo

(Fig. 8.
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death in young athletes®”. Cardiac CTA can
determine not only the origin but the trajectory of
anatomical variants, identifying malignant forms
that course between the aorta and the pulmonary
artery, which are difficult to characterize with
conventional coronary angiography (Fig. 9.
Another indication is in patients with dilated
cardiomyopathy (DCM), in whom a coronary
etiology must generally be excluded. In a study
involving 61 patients with DCM of undetermined
cause that compared the performance of cardiac
CTA with invasive angiography for detection of
CAD®), sensitivity and specificity of CTA were
99% and 96.2% respectively, even with a 16-
slice system. The study also assessed the safety of
the two diagnostic modalities; no complications
were observed with cardiac CTA, while the rate
of complications in patients undergoing invasive
angiography was 16%, 9.8% due to acute heart
failure and 6.5% related to vascular access.
Besides excluding the presence of significant
coronary disease in patients with DCM, cardiac
CTA also accurately measures volumes and
ejection fraction in the same scan, thus avoiding
the need to increase contrast or radiation
doses. Since acquisition is synchronized with
the ECG, reconstructions at different phases
of the cardiac cycle can be compared in order
to select the best systolic and diastolic phases.
This, together with the technique’s excellent
endocardial definition and the fact that the 17
segments can be represented in multiplane
reconstructions, leads to highly accurate and
reproducible determination of volumes and
ejection fraction. Given the prognostic and
therapeutic implications of ejection fraction in
patients with left ventricular dysfunction®), this
capability is an important additional advantage of
non-invasive angiography, and further enhances
the value of cardiac CTA in such patients (Fig.

10.

LIMITATIONS OF CARDIAC CT ANGIO-
GRAPHY

The limitations of cardiac CTA are related
to spatial and temporal resolution, the lack of
functional information and radiation doses.

The spatial resolution of CTA is inferior to
that of invasive coronary angiography, making
assessment of small caliber distal segments more
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Figura 8 Reconstrucées de volume (VRT) documentando estenose significativa na descendente anterior,em bifurcacao
com a 1°diagonal (A). Na reconstrucao multiplanar (MPR) ¢ possivel avaliar que se trata de placa predominantemente
nao calcificada e permite ainda apreciar o envolvimento do colateral pela placa (B), que nao é perceptivel na angiografia

convencional (C).

Figure 8 Volume-rendered reconstruction (VRT) showing significant stenosis of the left anterior descending artery at
the bifurcation with the first diagonal (A). In multi-planar reconstruction (MPR) it can be seen that this is a mainly non-
calcified plaque, which also involves the collateral (B); this is not visible on conventional angiography (C).

A angio TC cardfaca permite ainda avaliar
o tipo de placa, nomeadamente a presenga de
calcificagdo, informagdo igualmente importante
para a intervencfio corondria, uma vez que a
angioplastia de estenoses corondrias calcificadas
é habitualmente mais dificil, exigindo por vezes
a utilizagdo de dispositivos especificos.

OUTRAS INDICACOES

Existem ainda outras indicacdes clinicas,
para as quais a angioTC cardfaca poderd ser
considerada o exame de primeira linha, em
vez da coronariografia invasiva convencional.
Um destes exemplos é a suspeita de origem
anémala das artérias, reconhecida causa de
morte sibita em jovens®”. A angioTC cardiaca
permite delinear ndo s6 a origem mas sobretudo
o trajecto das variantes anatémicas, permitindo
assim identificar as variantes malignas, nas
quais o trajecto se faz entre a aorta e a artéria
pulmonar, aspectos dificeis de caracterizar na
coronariografia convencional.

Outro exemplo é o dos doentes com Miocar-
diopatia Dilatada nos quais se tem habitualmen-
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difficult, which is why most studies limit their
analysis to segments of >1.5 mm. Evaluation
of calcified lesions is also difficult, the degree
of stenosis generally being overestimated by
CTA. Special filters are usually employed in
reconstructions aimed at assessing stent patency,
and these should also be used in patients
with calcified lesions to minimize the effect of
blooming artifacts®.

Temporal resolution is also inferior to con-
ventional angiography, which hinders assessment
of patients with high heart rates or arrhythmias.
However, this limitation has been overcome by
the latest 64-slice dual source systems, which
can assess patients with high heart rates and
even those in atrial fibrillation®'?.

The lack of functional information is another
limitation of the technique. The ability to provide
data on the functional impact of plaques or
stenosis as well as anatomical information would
make cardiac CTA the most complete non-
invasive method of assessing CAD. There are two
lines of research in this area: one seeks to assess
perfusion on the basis of myocardial density,
which is linearly correlated with perfusion
following administration of iodinated contrast; the
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Figura 9 Reconstrucaes de volume (VRT) e multiplanar (MPR) documentando origem anémala da corondria direita no
seio de valsalva esquerdo, com trajecto interarterial, tratando-se por isso de uma variante maligna.

Figure 9 Volume-rendered reconstruction (VRT) and multi-planar reconstruction (MPR) showing anomalous origin of
the right coronary artery in the left sinus of Valsalva, which has an interarterial course, and is therefore a malignant

variant.

te que excluir etiologia corondria. Num estudo
que envolveu 61 doentes com miocardiopatia
dilatada de etiologia indeterminada, foi ava-
liado o desempenho da angioTC cardiaca por
compara¢do com a angiografia invasiva na
detecgdo de doenga corondria®. Nesta série, a
sensibilidade e a especificidade foram de 99% e
96,2%, respectivamente, e tendo os exames sido
realizados com um aparelho de apenas 16 cortes.
Neste trabalho foi ainda avaliada a seguranca
das duas modalidades diagnésticas, ndo se
tendo verificado complicacdes relacionadas com
a angioTC cardfaca. Nos doentes submetidos
a angiografia invasiva a taxa de complicagdes
chegou aos 16%, sendo 9,8% por insuficiéncia
cardfaca aguda e 6,5% por complicagdes
relacionadas com o acesso vascular.

Nos doentes com miocardiopatia dilatada,
para além de ser possivel excluir a presenca
de doenga corondria significativa, a angioTC
cardfaca permite ainda calcular correctamente
os volumes e a frac¢io de ejecgdo, na mesma
aquisi¢do, ndo sendo assim necessério aumentar
a dose de contraste ou de radia¢do. Como a
aquisic¢do é sincronizada com o ECG, é possivel
comparar as reconstrugdes nas vdrias fases do
ciclo cardfaco, para selec¢do da melhor fase
sistélica e diastélica. Este facto, associado a uma
optima defini¢io endocardica e a possibilidade
de se ter a representagdo dos 17 segmentos
nas reconstrugdes multiplanares, torna assim
possivel uma avaliagdo bastante correcta e
reprodutivel dos volumes e fracgdo de ejecgao.
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other exploits the ability of dual energy methods
to quantify iodine concentration in tissue. Both
methods are still at the initial development stage
in a few centers and there are various obstacles
to be overcome, particularly the need to avoid
a significant increase in radiation dose and the
ability to perform exams under pharmacological
stress.

Finally, the radiation dose in cardiac CTA,
around 11 mSv even in studies with ECG-
dependent dose modulation, is higher than in
conventional coronary angiography, which is
estimated at 7 mSv®. As well as ECG-dependent
dose modulation, which is now routine in
such exams, new protocols have recently been
developed aimed at reducing the dose even
further. One consists of reducing the voltage
from 120 kV to 100 kV, which is feasible in most
patients except the obese. In a study comparing
the radiation doses of different protocols in 1035
patients, a mean dose of 5.4 mSv was obtained
with 64-slice systems using a combination
of ECG-dependent dose modulation and the
100 kV protocol, which corresponds to a 64%
reduction compared to standard protocols®.
Another recently developed protocol that has
considerable potential to reduce the radiation
dose even further consists of acquisition with
prospective, rather than the usual retrospective,
ECG triggering, known as step-and-shoot mode.
Initial studies using this protocol have reported
doses of 1.2 to 2.6 mSv®?.

The recently introduced 320-slice systems,




Dadas as reconhecidas implicagdes prognésticas
e terapéuticas da frac¢@o de ejec¢do nos doentes
com disfuncdo ventricular esquerda®), esta ava-
liag@o torna-se assim um complemento importante
a coronariografia ndo invasiva, e contribui para
a rentabilidade da angioTC cardfaca nestes

doentes (Fig. 10).

Pedro de Araijo Gongalves et al.
Rev Port Cardiol 2009; 28:825-42

which enable acquisition of the entire heart
volume in a single RR interval, should also lead
to significant reductions in radiation and contrast
doses.

Figura 10 Calculo de volumes e fracgao de ejecciao em doente com miocardiopatia dilatada, a partir da delimitacao do
contorno endocardico nas vdrias reconstrucées multiplanares, com representacao dos 17segmentos miocardicos.

Figure 10 Determination of volumes and ejection fraction in a patient with dilated cardiomyopathy by delimiting the
endocardial outline in various multiplanar reconstructions, representing the 17 myocardial segments.

LIMITAGCOES DA ANGIOTC CARDIACA

As limitagdes da AngioTC cardfaca estdo
relacionadas com resolugdo espacial, resolugdo
temporal, auséncia de informacdo funcional e
dose de radiacao.

A resolucgdo espacial da angioTC cardfaca
é inferior & da coronariografia invasiva o que
dificulta a avaliagdo de segmentos distais de
pequeno calibre, razdo pela qual na maior
parte dos estudos, a andlise foi limitada aos
segmentos com > 1,5mm. A avaliagdo de lesdes
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CONCLUSION

Ongoing research and technological advances
in the area of multislice computed tomography
have progressively improved the spatial and
temporal resolution of cardiac CTA exams. In
addition to the current indications for use of the
technique, notably exclusion of coronary artery
disease in patients with intermediate probability,
this diagnostic modality is also proving useful
in other areas, and may become a first-line
technique.
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calcificadas é igualmente dificil, sendo o grau
de estenose habitualmente sobrevalorizado na
angioTC. Existem filtros dedicados, que sdo
habitualmente empregues na reconstrugdo de
exames para avalia¢do da paténcia de stents, que
devem igualmente ser empregues na presenca de
lesdes calcificadas, para minimizar o efeito de
blooming.

A resolugdo temporal é igualmente inferior
a da coronariografia convencional, o que torna
diffcil a avaliagdo de doentes com frequéncias
cardfacas altas e arritmias. Esta limita¢do tem
vindo a ser ultrapassada com os aparelhos de
angioTC cardfaca de dltima geracdo com 64
cortes e dupla ampola, sendo possivel com
estes aparelhos realizar exames em doentes
com frequéncias cardfacas altas e mesmo em
fibrilhag¢do auricular®!.

A auséncia de informagdo funcional tem sido
apontada como uma das limita¢es desta técnica.
A possibilidade de se adicionar a informagdo
anat6mica a informacao do impacto funcional das
placas/estenoses, tornaria a angioTC cardfaca o
método ndo invasivo mais completo na avaliagdo
da doenca corondria. Existem nesta drea duas
linhas de investigagdo divergentes: uma que
procura avaliar a perfusdo através da densidade
do miocdrdio (uma vez que existe uma correlagdo
linear entre a densidade do miocérdio e a sua
perfusdo apés injec¢do de contraste iodado); a
outra explorando as capacidades da codificagdo
do iodo nos tecidos pelo método da dupla energia.
Actualmente ainda em fase de desenvolvimento
inicial em poucos centros, estes métodos tém
vdrias barreiras a superar, nomeadamente a
necessidade de ndo haver um aumento relevante
de dose de radiacdo e a capacidade de ser
realizado em condigdes de stress farmacolégico.

Por fim, a dose de radiagdo atribuida a angio
TC cardiaca, de cerca de 11 mSv em trabalhos
com modulagdo da dose de acordo com 0 ECG, é
mesmo assim superior & dose da coronariografia
convencional, que estd estimada em 7 mSv®’.
Para além da modulac¢do da dose de radiagdo
pelo ECG, utilizado actualmente por rotina nes-
tes exames, foram recentemente desenvolvidos
novos protocolos que visam reduzir ainda mais
a dose de radiacdo destes exames. Um destes
protocolos consiste na redugdo da kilovoltagem
da ampola de 120 para 100Kv, possivel na
grande maioria dos doentes, & excep¢do dos
obesos. Num trabalho em que foram comparadas
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When significant coronary stenosis is
detected, the information provided by cardiac
CTA can be useful in planning revascularization
strategies. However, the exam is not limited to
assessment of the coronary tree, and the same
acquisition protocol can be used for extra-
coronary cardiac evaluation, particularly mul-
tiplane reconstructions to determine ejection
fraction and for assessment of extracardiac
findings in the thoracic segments included in the
scan.

It is hoped that some of the technique’s
current limitations will be overcome in the
future, particularly with regard to radiation doses
and assessment of calcified lesions, and that
cardiac CT angiography will be able to combine
both anatomical and functional information in
the same non-invasive exam. Initial results have
been extremely promising and we shall see what
the future will bring.




as doses de radiagdo com diferentes protocolos
em 1035 doentes, foi possivel obter uma dose
média de 5,4mSv em aparelhos de 64 cortes,
com o uso combinado de modulagdo da dose de
acordo com o ECG e utilizagdo de protocolo de
100Ky, o que corresponde a uma redugdo de 64%
em relagdo aos protocolos convencionais®. Um
outro protocolo recentemente desenvolvido e com
elevado potencial para reduzir ainda mais a dose
de radiac¢do consiste na aquisi¢do sincronizada
com o ECG de forma prospectiva em vez da
habitual retrospectiva, o chamado protocolo step
and shot. Estdo descritas doses de 1,2 a 2,6 mSv
nos trabalhos iniciais com este protocolo®?.

Finalmente, os aparelhos de 320 cortes recen-
temente introduzidos, que permitem realizar a
aquisi¢do de todo o volume cardfaco em apenas
um intervalo RR, deverdo igualmente conduzir a
uma reducdo significativa da dose de radiagdo e
de contraste.

CONCLUSAO

A constante investigagdo e evolugao tecnol6-
gica na drea da TC multicortes tem vindo a permi-
tir uma melhoria progressiva na resolugio espa-
cial e temporal dos exames de angioTC cardiaca.
Para além das indicag¢des actualmente aceiles
para esta técnica, nomeadamente a exclusio
da presenca de doenca corondria em doentes
com probabilidade intermédia, esta modalidade
diagnéstica tem-se revelado util também noutras
drea, podendo de futuro constituir-se como uma
modalidade de primeira escolha.

Pedro de Araijo Gongalves et al.
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Nos casos em que se documentam estenoses
corondrias significativas, a informagéo recolhida
pela angioTC cardiaca poderd ser dtil no
planeamento da estratégia de revascularizagdo.
Por outro lado, um exame de angioTC cardiaca
ndo se limita a avaliagdo da drvore corondria,
sendo possivel com 0 mesmo protocolo de aqui-
si¢do fazer ainda uma avalia¢do cardiaca extra-
corondria, nomeadamente com cdlculo mul-
tiplanar da fracgéo de ejecgdo e fazer ainda uma
apreciagdo de eventuais achados extracardfacos
nos segmentos tordcicos incluidos na aquisigao.

De futuro, espera-se que seja possivel ul-
trapassar algumas das presentes limita¢des desta
técnica, nomeadamente no que dizrespeito a dose
de radiagfo, a avalia¢do de lesdes calcificadas e
a possibilidade da angioTC cardiaca poder vir
a conciliar no mesmo método ndo invasivo a
informacéo anatémica e funcional — os resultados
iniciais tém sido muito promissores, veremos o
que o futuro nos reserva.
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Palavras-Chave
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Corondrias

Os doentes com antecedentes de cirurgia de
revascularizagdo miocdrdica, pela sua
histéria natural, apresentam 25% das pontagens
venosas ocluidas, ao fim de 5 anos!".

O aperfeicoamento de técnicas de imagem
nomeadamente da tomografia computorizada
cardiaca por multidetectores (Angio TC
cardfaca), permite a avaliagio ndo invasiva das
pontagens corondrias com elevada acuidade .

Os autores apresentam o caso clinico de um
doente do sexo masculino, de 72 anos de idade,
com hipertensdo arterial e dislipidémia como
factores de risco para doenga corondria e com
antecedentes de cirurgia de revasculariza¢do
miocdrdica em 1999.

Em Outubro de 2007 realizou prova de
esfor¢o que foi positiva para isquémia silenciosa,
razdo pela qual foi solicitado Angio TC cardfaca
para avaliacdo da paténcia das pontagens
corondrias.

A angio TC foi realizada num aparelho de 64
cortes e dupla ampola (Dual source CT - Somaton
Definition®, Siemens-medical). A aquisi¢do do
scan demorou 12 segundos, foram administrados
108 ml de contraste isoosmolar (lodixanol 320
mgl/ml- Visipaque®). A frequéncia cardiaca
média na aquisi¢do foi de 68 bpm e a dose de
radiagdo foi de 1244 DLP.

Assessment of Coronary Artery Bypass
Grafis by 64-slice Computed Tomographic

Angiography

Key words
64-slice computed tomographic angiography; Coronary artery
bypass grafts

he natural history of coronary artery bypass

surgery is such that 25% of venous grafts are
occluded after 5 years®.

Improvements in

imaging techniques,

particularly multislice cardiac  computed
tomographic (CT) angiography, mean that
coronary artery grafts can now be visualized
noninvasively and in great detail ®.

We present the case of a 72-year-old man with
risk factors for coronary disease (hypertension
and dyslipidemia) and history of coronary artery
bypass surgery in 1999.

In October 2007 he underwent exercise
testing which was positive for silent ischemia,
and so he was referred for CT angiography to
assess the patency of the coronary artery grafts.

The scan was performed on a 64-slice dual
source Somatom Definition® system (Siemens
Medical Solutions), and took 12 seconds with 108
ml of iso-osmolar contrast (iodixanol 320 mgl/ml
- Visipaque®) being administered. Mean heart
rate during acquisition was 68 bpm and the
radiation dose was 1244 DLP.

The image quality was sufficiently good to
assess all the grafts: left internal mammary artery
(LIMA) to left anterior descending (LAD),
sequential graft with the saphenous vein to the
intermediate and first obtuse marginal (OM1),
and saphenous vein to posterior descending
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A qualidade de imagem permitiu a avaliagdo
de todas as pontagens: artéria mamdria interna
esquerda (LIMA) para a descendente anterior
(DA), pontagem sequencial com safena para a
intermedidria e primeira obtusa marginal (OM 1)
e safena para descendente posterior (DP) (Fig. 1).

A pontagem MIE para a DA estava patente e
ndo apresentava estenoses (Fig. 2).

A pontagem sequencial veia safena para
intermediaria e OM1 ndo apresentava estenoses
(Fig. 3).

A pontagem da safena para a descendente
posterior apresentava placa calcificada néo
significativa (Fig .4).

A circulagdio nativa abaixo das anastomoses
era de pequeno calibre mas estava patente.

Uma das vantagens da tecnologia de dupla
ampola é o facto de apresentar o dobro da
resolu¢do temporal, de um aparelho de 64
cortes convencional. Assim, torna-se possivel a
obtenc¢do de imagens com menos artefactos em
doentes
elevadas, extrasistoles frequentes e até mesmo

com frequéncias cardfacas mais
em fibrilhac¢do auricular®.

Para além da reconhecida elevada
sensibilidade da angio TC cardfaca para excluir a
presenca de estenoses corondrias significativas!",
a especificidade no caso da avaliagdo de

estenoses nas pontagens é igualmente elevada,
chegando a 97% em alguns trabalhos?.

artery (PDA).

The LIMA to LAD graft was patent and
without stenosis

The sequential saphenous vein graft to the
intermediate and OM1 were without stenosis
(Fig. 3).

The saphenous vein to PDA graft presented
non-significant calcification (Fig. 4).

The native circulation below the anastomoses
was small but the artery was patent.

One of the advantages of dual source
technology is that its temporal resolution is twice
that of a conventional 64-slice system. This
means it can obtain images with fewer artifacts in
patients with high heart rates, frequent
extrasystoles or even atrial fibrillation .

Besides the known high sensitivity of cardiac
CT angiography in excluding significant coronary
stenosis “ the technique is also highly specific
(up to 97% in some studies) in evaluating graft
stenosis ?.

Evaluation of native circulation becomes more
difficult when there is advanced coronary
atherosclerosis, often with diffuse disease,
multiple calcified plaques and arteries of small
caliber. Despite these limitations, in some cases
64-slice dual source cardiac CT angiography can
evaluate not only coronary artery grafts but also
the extent of disease in the native circulation, as
shown in the case presented.

Figura 1. Reconstrugdo 3D “volume-rendered” das pontagens corondrias

Figure 1. 3D volume-rendered image of the coronary artery grafts
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Figura 2. Visualizagio da
pontagem maméria interna
esquerda (LIMA) para
descendente anterior (DA). A -
Reconstrugdo 3D “volume-
rendered” B - Reconstrugdo
curva multiplanar

Figure 2. LIMA to LAD graft.
A: 3D volume
B: curved multiplanar
reconstruction

endered image;

Figura 3. Visualizagio da
pontagem safena para
intermedidria e obtusa marginal.
A e C - Reconstrugao 3D
“volume-rendered”. B -
Reconstrugdo curva multiplanar

Figure 3. Saphenous vein graft
to the intermediate and OM1. A
and C: 3D volume-rendered
image; B: curved multiplanar
reconstruction

Figura 4. Pontagem veia safena
para a descendente posterior.

A - Reconstrugdo 3D “volume-
rendered” B - Reconstrugao
curva multiplanar

Figure 4. Saphenous vein to
PDA graft. A: 3D volume-
rendered image; B: curved
multiplanar reconstruction
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A avaliagdo da circulagdo nativa torna-se
mais diffcil, dada a presenca de aterosclerose
corondria avancada, sendo frequente a presenca
de doenca difusa, miltiplas placas calcificadas e
artérias de pequeno calibre. Apesar destas
limitagdes, este caso é ilustrativo de como é
possivel em alguns casos, com a angio TC
cardfaca de 64 cortes de dupla ampola, avaliar
ndo s6 as pontagens corondrias, mas também a
extensdo da doenga na circulag@o nativa.
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IMAGEM EM CARDIOLOGIA

Diverticulo do ventriculo esquerdo: um
achado por Angio TC cardiaca [32]
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de dupla ampola; Achados em angio TC.

INTRODUCAO

Os autores apresentam o caso clinico de
uma doente de 72 anos, com estenose
mitral moderada, submetida a angio Tomografia
Computorizada (TC) cardfaca, para avaliagdo
pré-operatoéria de doenga corondria.

A angio TC foi realizada num aparelho de
64 cortes de dupla ampola, (Dual source CT
- Somaton Definition®, Siemens-medical). A
aquisi¢do do scan demorou 10 segundos, foram
administrados 96 ml de contraste isoosmolar
(lodixanol 320 mgl/ml- Visipaque®) e a dose de
radiacdo foi 12 mSv.
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Left ventricular diverticulum: a finding
by cardiac CT angiography

Key words

Left ventricular diverticulum;

64-slice dual source computed tomographic angiography;
Incidental findings by CT.

INTRODUCTION

We present the case of a 72-year-old

woman with moderate mitral stenosis
who underwent cardiac computed tomographic
(CT) angiography for preoperative assessment of
coronary artery disease.

The scan was performed on a 64-slice dual
source system (Somatom Definition®, Siemens
Medical Solutions) and took 10 seconds.
Todixanol (Visipaque®) 320 mgl/ml iso-osmolar
contrast (96 ml) was administered and the
radiation dose was 12 mSv.

During the scan the patient developed
atrial fibrillation, with a ventricular response of
between 37 and 68 bpm (Figure 1).

Figural. ECG durante a aquisi¢io da Angio TC cardiaca.
Frequéncia cardiaca média 52 bpm (37- 68bpm).

Figure 1. ECG during cardiac CT angiography. Mean
heart rate 52 bpm (37-68).
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Durante a aquisi¢io a doente apresentava
fibrilhagdo auricular, com uma resposta ventri-
cular entre 37 e 68 bpm (Figura 1).

A qualidade de imagem permitiu a avaliagdo

de todos os segmentos, excluindo-se doenca
corondria significativa (Figuras 2 e 3).

Coronaria

Direita
—

Descendente

Anterior

The image quality was sufficiently good to
assess all segments and significant coronary
disease was excluded (Figures 2 and 3).

Figura 2. Reconstrugéo 3D “volume-rendered”.

Figure 2. 3D volume-rendered reconstruction.

Corondria Direita: right coronary artery; Circunflexa:
circumflex artery; Descendente Anterior: anterior descending

artery.

Figura 3. Reconstrugdo curva multiplanar. A - Visuali

do tronco ¢

alcil

(TC) com pla

ada ndo significativa

e descendente anterior (DA) sem placas significativas. B e C - Circunflexa (CX) e Corondria direita (CD) respectivamente

sem placas significativas.

Figure 3. Curved multiplanar reconstruction. A: Left main artery (TC) showing an insignificant calcified plaque and the
anterior descending artery (DA) with no significant plaques. B and C: Circumflex (CX) and right coronary (CD) arteries,

respectively, with no significant plaques.

Na avaliagfo cardfaca, para além da auséncia
de doenga corondria significativa, documentou-
-se aurfcula esquerda dilatada, vdlvula mitral de
folhetos espessados e calcificados, com restri¢do
da sua abertura e mnormal fungdo sistélica
ventricular esquerda (Figura 4 B).

No ventriculo esquerdo visualizou-se uma
imagem de contornos bem definidos, de pequenas
dimensdes, fazendo protusido da parede lateral,
através de uma conexdo estreita. Esta imagem
era compativel com a presenca de um diverticulo
do ventriculo esquerdo (Figuras 4 e 5).
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Besides the absence of significant coronary
disease, cardiac assessment revealed a dilated
left atrium, thickened and calcified mitral valve
leaflets with restricted opening, and normal left
ventricular systolic function (Figure 4B).

A small, well-defined image was observed in
the left ventricle protruding from the lateral wall
with a narrow connection, compatible with a left
ventricular diverticulum (Figures 4 and 5).
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Diverticulo

4

|

Figura 4. Visnalizagio do diverticulo do ventriculo esquerdo (A) em curto eixo e (B) em longo eixo. B - auricula
esquerda dilatada, valvula mitral com folhetos espessados e calcificados.

Figure 4. Left ventricle in short-axis (A) and long-axis (B) view showing diverticulum. B: dilated left atrium and

mitral valve with thickened and calcified leaflets.

Diverticulo

Ventriculo ——

Direito
Ventriculo

Esquerdo

O diverticulo apresenta contractilidade
sfncrona com o ventriculo esquerdo, esvaziando

quase na totalidade em sistole (Figura 6).
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Figura 5. Reconstrugio 3D “volume-rendered” do diver-
ticulo do ventriculo esquerdo.

Figure 5. 3D volume-rendered reconstruction of the left
ventricular diverticulum.

Ventriculo Direito: right ventricle; Diverticulo: diverticulum;

Ventriculo Esquerdo: left ventricle

The diverticulum contracted in synchrony
with the left ventricle, almost completely
emptying in systole (Figure 6).

Figura 6. Reconstrugio 3D

“volume-rendered” do diverticulo
do ventriculo esquerdo (seta) em

didstole (A) e em sistole (B).

Figure 6. 3D  volume-rendered
reconstruction of the left ventricular
diverticulum (arrow) in diastole (A)
and in systole (B).
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Os diverticulos ventriculares congénitos sdo
raros, particularmente os diagnosticados em
adultos!.

Os diverticulos podem cursar com fenémenos
embdlicos, insuficiéncia cardfaca, regurgita¢do
valvular, rotura da parede ventricular, taquicardia
ventricular ou morte stbita. Na maioria dos casos
os diverticulos sdo assintomdticos e constituem
achados incidentais nos métodos de imagem¥.
O diagnéstico faz-se pela visualiza¢do por eco-
-cardiograma, ventriculografia, tomografia com-
putorizada ou ressondncia magnética cardiaca
de uma protusdo da parede ventricular, com
conexdo estreita e contractilidade sincrona
com a cavidade ventricular”. Os diverticulos
sdo constituidos pelas 3 camadas cardiacas. O
diagnéstico diferencial faz-se com aneurismas,
sendo que estes habitualmente sdo formagoes
saculares, de tecido fibroso, com conexdo larga e
movimento paradoxal®.

O tratamento dos diverticulos varia de acordo
com a forma de apresentacdo, das anomalias
assocladas e possiveis complicagdes. Nos do-
entes sintomdticos com fenémenos embélicos o
tratamento € cirtirgico associado a anticoagulagdo
oral. Embora seja controverso alguns autores
preconizam a resseccdo cirtirgica nos doentes
assintomdticos, atendendo ao elevado risco de
morte por rotura da parede ou eventos arrftmicos
graves®.

Congenital left ventricular diverticula are
rare, especially when diagnosed in adulthood .
They can be associated with embolism, heart
failure, valve regurgitation, ventricular wall
rupture, ventricular tachycardia and sudden
death. In most cases they are asymptomatic and
are incidental findings on imaging studies.
Diagnosis is obtained by echocardiography,
ventriculography, CT scan or magnetic resonance
imaging of a protrusion from the ventricular
wall, with a narrow connection and contracting
in synchrony with the ventricular chamber!-.
Diverticula are composed of all three cardiac
layers. Differential diagnosis is with aneurysms,
which are usually saccular in form and consist
of fibrous tissue, with a wide connection and
paradoxical motion®.

Treatment varies according to the form
of presentation, associated anomalies and
possible  complications.  In  symptomatic
patients with embolic phenomena, treatment
is surgical associated with oral anticoagulation
therapy.  Although controversial, surgical
resection is recommended by some authors
even in asymptomatic patients, given the high
risk of death due to wall rupture or severe
arrhythmias®.
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Miocardiopatia Hipertrofica — Dois Padroées
Atipicos Diagnosticados por AngioTC
Cardiaca [70]
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RESUMO

A miocardiopatia hipertréfica é uma doenga
genética relativamente comum (prevaléncia
de 0,2%), com um espectro clinico que pode
ir desde a auséncia de manifestagoes até a
apresentagdo como morte stibita. As formas
atipicas constituem um desafio diagnéstico,
podendo novas técnicas de imagiologia
cardfaca, como a AngioTC e a RMN cardfaca
dar um contributo importante. A propésito
de dois casos de miocardiopatia hipertréfica
diagnosticados por AngioTC cardiaca,
apresentamos uma revisdo desta entidade.

Palavras-Chave
Angio TC cardfaca; TC de 64 cortes de dupla ampola;
Miocardiopatia hipertréfica.

INTRODUCAO

miocardiopatia hipertréfica (MCH) é uma

perturbagio genética complexa relativa-
mente comum, afectando um em cada 500 adultos
jovens. Define-se pela presenga de hipertrofia
ventricular esquerda sem cavidade dilatada,
sendo o diagnéstico habitualmente ecogréfico,
pela demonstragdo de uma espessura parietal
do ventriculo esquerdo, uni ou multisegmentar,
de pelo menos 15 mm.!?
mais tipico ser a hipertrofia da por¢do anterior

Apesar de o padrdo

ABSTRACT

Hypertrophic cardiomyopathy - two

atypical forms diagnosed by cardiac CT

Hypertrophic cardiomyopathy is a relatively
common genetic disease (prevalence of
0.2%), with a clinical spectrum that ranges
from absence of symptoms to presentation

as sudden cardiac death. Atypical forms are

a diagnostic challenge and recent cardiac
imaging techniques, such as cardiac CT and
magnetic resonance imaging, can make an
important contribution. We present a review of
this disease based on two case reports.

Key words
Cardiac CT; 64-slice dual source CT;
Hypertrophic cardiomyopathy

INTRODUCTION

ypertrophic cardiomyopathy (HCM) is a

relatively common complex genetic dis-
ease that affects one in 500 young adults. It is
characterized by left ventricular (LV) hypertrophy
without dilatation and is usually diagnosed by
echocardiographic evidence of LV wall thickness
of at least 15 mm in one or more segments’.
While the most typical pattern is hypertrophy of
the anterior portion of the ventricular septum™,
HCM can present any pattern. In patients with
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do septo interventricular,”’ a MCH pode assumir
qualquer padrdo. Em doentes com janela acustica
insuficiente, ou quando a hipertrofia ventricular
esquerda estd limitada a segmentos de dificil
avaliacdo ecogréfica, a Ressonincia Magnética
e a Angiografia por Tomografia Computorizada
(AngioTC) cardiaca podem dar um contributo
diagnéstico adicional.!©

A propésito desta entidade, apresentamos
dois casos clinicos.

CASO CLINICO 1

Doente de 31 anos, sexo masculino, raga
caucasiana. Ndo tinha antecedentes relevantes
nem factores de risco cardiovasculares (nomea-
damente hipertensdo arterial, tabagismo, disli-
pidémia, diabetes mellitus ou histéria familiar de
doenga corondria precoce). Por apresentar epi-
sodios sincopais recorrentes, foi internado para
esclarecimento de eventual etiologia cardiaca.
O electrocardiograma mostrou a presenca de
padrdo de hipertrofia ventricular esquerda com
sobrecarga (Fig. I) e na monitorizagdo cardfaca
observaram-se sistoles prematuras ventriculares
frequentes. O ecocardiograma transtordcico su-
geriu tratar-se de variante médio-ventricular de
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poor acoustic windows, or when hypertrophy is
limited to segments that are difficult to evaluate
echographically, magnetic resonance imaging
and cardiac computed tomography angiography
(CTA) can help with diagnosis!*.

We present two cases of this entity.

CASE REPORT 1

A 3l-year-old man, white, with no
relevant history or cardiovascular risk factors
(hypertension, smoking, dyslipidemia, diabetes
or family history of premature coronary artery
disease [CAD]), was admitted for investigation of
a possible cardiac etiology of recurrent episodes
of syncope. The electrocardiogram showed a
pattern of LV overload hypertrophy (Fig. 1)
and frequent premature ventricular systoles.
Transthoracic echocardiography suggested mid-
ventricular HCM. To confirm the diagnosis
and exclude the presence of significant CAD,
cardiac CTA was performed using a 64-slice
dual source system (SOMATOM Definition®,
Siemens Medical Solutions). Mean heart rate
during acquisition (8 seconds) was 96 bpm, with
several ventricular extrasystoles (Fig. 2).

PV e e |0 ey (oA on s W -

Figura 1. ECG demonstrando padrao de hipertrofia ventricular esquerda com sobrecarga.

Figure 1. ECG showing pattern of left ventricular overload hypertrophy.
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Figura 2 Tracado electrocardiografico durante a aquisicao
do AngioTC cardiaco mostrando ritmo sinusal com sistoles
prematuras ventriculares.

Figure 2 ECG trace during cardiac CT acquisition showing
sinus rhythm with premature ventricular systoles.

MCH. Para confirmag¢do do diagnéstico e excluir
a presenca de doenca corondria significativa,
realizou Angio TC cardfaco (aparelho de 64
cortes e dupla ampola - Dual source CT -
Somaton Definition®, Siemens-medical). Duran-
te a aquisi¢do (8 segundos), a FC média foi
de 96/bpm e apresentou vérias extrassistoles
ventriculares (Fig. 2.

Foi demonstrada a presenca de hipertrofia
ventricular esquerda limitada aos segmentos mé-
dios, auséncia de doenga corondria significativa
(Fig. 3 e normal funcdo sistélica global. Este
doente foi posteriormente submetido a implan-
tagdo de CDI.

CASO CLINICO 2

Doente de 42 anos, sexo masculino, sem fac-
tores de risco para doenga corondria. Diagnéstico
de fibrilha¢do auricular paroxistica desde ha
10 anos, ndo havendo cardiopatia estrutural
no ecocardiograma transtorcico. Foi proposto
para realiza¢do de uma angioTC cardfaca para
estudo prévio a abla¢do de fibrilha¢do auricular
(aparelho de 64 cortes e dupla ampola - Dual
source CT - Somaton Definition®, Siemens-me-
dical). Durante a aquisi¢do (8 segundos), a FC
média foi de 77/bpm (Fig. 4. A angioTC cardiaca
demonstrou auséncia de doenca corondria si-
gnificativa, normal fungdo sistélica, pequeno
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LV hypertrophy was observed in the middle
segments, with no significant CAD (Fig. 5
and normal global systolic function. The
patient subsequently received an implantable
cardioverter-defibrillator (ICD).

Figura 3 A - Reconstrugao 3D VRT volume-rendered
cardiacademonstrando colapsosistélico meso-ventricular;
B - Reconstrugio multiplanar (MPR): visualiza¢io em lon-
g0 eixo e curto eixo do ventriculo esquerdo em diastole, e
aodo da esp a parietal (x20mm);
C - Reconstru¢io 3 VRT volume-rendered cardiaca

quantifi
demonstrando artérias corondrias sem estenoses.

Figur3 3 A: 3 VRT (volume rendering technique)
reconstruction showing midventricular systolic collapse;
B: multi-planar reconstruction (MPR): long and short
axis views of left ventricle in diastole and quantification
of increased wall thickness (20 mm); C: 3 VRT re-
construction showing coronary arteries with no stenosis.

CASE REPORT 2

A 42-year-old man, with no risk factors for
CAD, had been diagnosed with paroxysmal
atrial fibrillation (AF) ten years previously,
transthoracic  echocardiography showing no
structural heart disease. He was referred for
cardiac CTA (64-slice dual source system,
SOMATOM  Definition®, Medical

Solutions) for evaluation prior to AF ablation.

Siemens

Mean heart rate during acquisition (8 seconds)

was 77 bpm (Fig. 4). Cardiac CTA showed no
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aneurisma apical e presenca de padrdo apical de
miocardiopatia hipertréfica (Fig. 9).

Figura 4 Tracado electrocardiografico durante a aquisicao
do AngioTC cardiaco mostrando ritmo sinusal.

Figura 4 ECG trace duringcardiac CT acquisition showing
sinus rhythm.

Tratando-se de um doente que iria realizar
ablagdio de fibrilhagdo auricular, o AngioTC
cardfaco também excluiu a presenca de trombo
no apéndice auricular esquerdo, determinou o
volume da aurfcula esquerda, e definiu o padrio
anatémico das veias pulmonares (Fig. 6).

DISCUSSAO

Tal como mencionado, a MCH é uma per-
turbagdo genética complexa relativamente co-
mum, afectando 1 em cada 500 adultos jovens.®
A primeira referéncia da forma moderna desta
doenca foi efectuada em 1958 por Teare, que
descreveu a “hipertrofia cardfaca assimétrica”
como responsével por morte stibita cardfaca em
jovens.®

A transmissdo da MCH é autossémica domi-
nante, tendo sido identificados 13 genes poten-
cialmente responsdveis, 11 dos quais codificando
protefnas do sarcémero.®® As mutagdes pre-
dominantes envolvem genes codificadores da
cadeia pesada beta da miosina, da protefna C
de ligagdo & miosina e da troponina T cardfaca,
estando presentes em mais de 50% dos doentes
genotipados.”)
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significant CAD, normal systolic function, a
small apical aneurysm and apical HCM (Fig. 5.

Figura 5 A - Reconstrugao 3D VRT “volume-rendered”
cardiaca (él esquerda) e coronariograﬂa nao invasiva (51
direita) demonstrando artérias coronarias sem estenoses;
B - Reconstru¢ao 3D VRT “volume-rendered” cardiaca
demonstrando colapso sistélico meso-ventricular e
pequeno aneurisma apical; C - Reconstrugio multiplanar
(MPR): visualizacao em longo eixo eixo do ventriculo
esquerdo em didstole e sistole, demonstrando aumento da

espessura parietal e pequeno aneurisma apical.

Figure 5 A: 3D VRT reconstruction (left) and non-
invasive coronary angiography (right) showing coronary
arteries with no stenosis; B: 3D VRT reconstruction
showing midventricular systolic collapse and a small
apical aneurysm; C: MPR: long axis view of left ventricle
in diastole and systole, showing increased wall thickness
and small apical aneurysm.

As the patient was to undergo AF ablation,
cardiac CTA was also used to exclude the
presence of thrombi in the left atrial appendage,
to measure left atrial volume and to determine
pulmonary vein anatomy (Fig. 6).

DISCUSSION

Hypertrophic cardiomyopathy is a relatively
common complex genetic disease, affecting one in
500 young adults®. The first modern description
of the disease was published in 1958 by Teare,
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Figura 6 Esq.:Reconstrugao multiplanar (MPR): visualizacao do apéndice auricular esquerdo preenchido por contraste,
excluindo trombos no seu interior. Dta.: Reconstrugao 3D VRT “volume-rendered” cardiaca demonstrando a anatomia

das veias pulmonares.

Figure G Left: MPR: left atrial appendage filled with contrast, excluding thrombi; right: 3D VRT reconstruction showing

pulmonary vein anatomy.

A expressao fenotipica da MCH é produto ndo
s6 da mutagdo original, mas também da expres-
s@o de genes reguladores e de factores ambien-
tais"”. A genética da MCH foi alvo de uma
revisdo publicada recententemente.!”

A MCH caracteriza-se e define-se pela pre-
senga de um ventriculo esquerdo hipertrofiado
e ndo dilatado (habitualmente com colapso sis-
télico da sua cavidade), na auséncia de causas
sistémicas ou cardfacas que o justifiquem (Ex:
hipertensdo arterial, estenose valvular aértica).
A hipertrofia, habitualmente assimétrica, pode
assumir qualquer padrdo, desde atingir apenas
um segmento (um tergo dos doentes)® a ser difu-
sa, obstrutiva ou ndo obstrutiva.’*% 12 A 4rea
mais frequentemente afectada pela hipertrofia é
a por¢do anterior do septo interventricular.”

Apesar de a hipertrofia ventricular esquerda
ser a expressdo fenotipica da doenga, ndo é
necessdria espessura minima para se considerar
que estamos na presenca de MCH. De facto,
é frequente criancas com menos de 13 anos
serem portadoras silenciosas da doencga, sendo
a remodelagem com hipertrofia ventricular
esquerda manifestada na adolescéncia, associada
a fase de crescimento acelerada e maturagio
fisica, completando-se com o atingir da idade
adulta, aos 17-18 anos.!' Apés esta idade a
progressdo da hipertrofia é pouco frequente™,
mas pode, contudo, surgir em idades mais avan-
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who reported “asymmetrical hypertrophy of the
heart” as the cause of sudden death in young
adults®.

Transmission of HCM is autosomal dominant,
and 13 genes have been identified as potentially
responsible, 11 of which code for sarcomeric
proteins®?. The predominant mutations, in-
volving genes encoding the beta-myosin heavy
chain, myosin-binding protein C and cardiac
troponin T, are found in over 50% of genotyped
patients'™.

The phenotypic expression of HCM is the
result not only of the original mutation, but also
of the expression of regulatory genes and of
19, The genetic aspects
of HCM have been the subject of a recent
review!!".

HCM is characterized by a hypertrophied,
non-dilated left ventricle, usually with systolic

environmental factors!

chamber collapse, that is not due to any
systemic or cardiac cause such as hypertension
or aortic valve stenosis. The hypertrophy,
which is usually asymmetrical, can take any
form, involving a single segment (in a third of
patients)® or diffuse, and can be obstructive or
non-obstructive**!"- 12 The most commonly
affected area is the anterior portion of the
ventricular septum.

Although LV hypertrophy is the phenotypic
expression of the disease, there is no minimum
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cadas, havendo formas de doen¢a com baixa
penetrancia até a quinta década de vida. Esta
forma “tardia” de MCH é mais frequentemente
causada por mutagdes no gene da proteina C de
ligagdo & miosina®!"!1?),
cadeia pesada alfa da miosina.'”

Por ser de acesso facil e ndo invasiva, a eco-
cardiografia é considerada o exame inicial de
elei¢do, sendo o diagnéstico estabelecido pela
demonstra¢do de uma espessura parietal do
ventriculo esquerdo, uni ou multisegmentar, de
pelo menos 15 mm."? Contudo, a ecocardiogra-
fia apresenta algumas limita¢des técnicas, por
estar dependente de uma janela acistica adequa-
da e por as imagens serem obtidas com obli-
quidade.” Assim, em doentes com janela actistica
insuficiente, ou quando a hipertrofia ventricular
esquerda é segmentar e se limita a localizagdes
pouco habituais dificultando a sua visualizagdo
por ecocardiograma (particularmente na parede
antero-lateral ou dpex), a ressonancia magnética

pode representar uma modalidade diagnéstica
1,3-5)

, da troponina T"? e da

adicional.'

Nos dltimos anos, a evolugdo da AngioTC
cardfaca conduziu a melhorias na resolucéo es-
pacial, temporal e de contraste, o que permite
aquisi¢do ndo invasiva de imagens tridimensio-
nais com informagio anatémica e funcional das
artérias corondrias, cAmaras cardfacas, miocdr-
dio e pericérdio.© Nos casos apresentados, mes-
mo tendo sido efectuados estudos ecocardiografi-
cos prévios, o diagnéstico de MCH foi estabele-
cido por angioTC cardfaca, exame que permitiu
quantificar a espessura parietal do ventriculo
esquerdo correctamente.

No segundo caso apresentado, o doente era
portador ndo diagnosticado de MCH apical. Nes-
ta, a hipertrofia limita-se ao dpex do ventriculo
esquerdo, sendo uma forma relativamente rara
da doenca*'¥). Foi descrita pela primeira vez em
1976 no Japao, por Sakamoto.'” e é neste pafs
que é mais frequente, representando 15-25% dos
doentes com MCH.1820

A MCH apical estd associada a algumas defi-
ciéncias genéticas especificas (Ex: actina car-
difaca Glul01Lys)"?, ndo havendo associagdo
com mutagdes da proteina C de ligagdo & mios-
ina, uma das mais frequentes na MCH."? Este
fenotipo de MCH associa-se a uma deformagao
do ventriculo esquerdo classicamente referida
como “em 4s de espadas” e o electrocardiograma
mostra ondas T marcadamente negativas nas
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wall thickness required for a diagnosis of HCM.
Children aged under 13 are often silent carriers,
LV remodeling with hypertrophy not being
manifested until adolescence, associated with
accelerated growth and physical maturation, the
process continuing until adulthood at age 17-18
years¥. It is rare for hypertrophy to progress
after this age™, but low penetrance forms of the
disease can appear at older ages, up to the fifth
decade of life. Late-onset HCM is mainly caused
by myosin-binding protein C*'*!%, troponin T1%
or alpha-myosin heavy chain gene mutations 7.

Echocardiography, which is readily available
and non-invasive, is considered the first-choice
initial exam, diagnosis being based on LV wall
thickness of at least 15 mm in one or more
segments?. However, echocardiography has
certain technical limitations since it is depen-
dent on an adequate acoustic window and
images are often obtained with obliquity®. In
patients with poor acoustic windows, or when
the hypertrophy is segmental or in an uncommon
location that makes echographic visualization
difficult (particularly the anterolateral wall or the
apex), magnetic resonance imaging can be used
as a complementary diagnostic technique*.

Developments in cardiac CTA technology in
recent years have led to improved spatial and
temporal resolution and contrast, which enables
non-invasive acquisition of three-dimensional
images with anatomical and functional in-
formation on the coronary arteries, cardiac
chambers, myocardium and pericardium®.
In the cases presented, even though previous
echocardiographic studies had been performed,
a definitive diagnosis of HCM was established
by cardiac CTA, which accurately assessed LV
wall thickness.

In the second case, the patient had un-
diagnosed apical HCM, in which hypertrophy is
limited to the LV apex. This is a relatively rare
form of the disease’'®, and was first described
in 1976 by Sakamoto in Japan"?, the country
where it is most common, accounting for 15-25%
of HCM patients®'#20),

Apical HCM is associated with specific
genetic defects, such as the cardiac actin
GlulO1Lys missense mutation®, and is not
linked to mutations in the myosin-binding
protein C gene, one of the commonest involved
in HCM". The apical HCM phenotype is
associated with LV deformation traditionally




derivagdes precordiais."V Estas podem ser ldbeis
e mesmo desaparecer a longo termo.(1>2122

Em paises ocidentais a MCH apical é menos
frequente (1-7% dos doentes com MCH) mas
menos benigna.®'** Pode originar manifesta-
¢des (clinicas, electrocardiogréficas, arritmogé-
nicas, isquémicas e progressdo morfolégica)
semelhantes a generalidade das MCH, sendo
mais frequentes com a progressio da idade.!82?
Para além disso, esta forma apresenta risco
adicional de enfarte e aneurisma apical.”” O
segundo caso apresentado corresponde a um
doente com MCH apical e aneurisma do apéx,
provavelmente consequente a necrose silenciosa
prévia.

A isquémia miocdrdica como manifestago da
MCH, pode ser consequéncia de vérios factores,
além da aterosclerose corondria concomitante.
Por um lado, a presenga de microvasculatura
anormal, consistindo em arterfolas corondrias
intramurais com parede espessada (por hiper-
trofia da média), conduz a diminui¢do do limen
corondrio e capacidade vasodilatadora reduzida.
Por outro lado, hd desequilibrio entre a massa
ventricular esquerda aumentada e o fluxo coro-
nério, com diminui¢do do fluxo de reserva e
aumento da resisténcia vascular corondria de-
vido a aumento da tensdo parietal diastélica,
secunddria a perturbagdo do relaxamento e en-
chimento ventricular.!1529

O “bridging” miocérdico, presente quando
um segmento de uma corondria epicdrdica major
tem um percurso intramural, pode também ser
responsével por isquémia na MCH. A frequéncia
na populagdo geral ndo estd definitivamente es-
tabelecida (1,5 a 16% por coronariografia)®"
mas é mais frequente em doentes com MCH
(até 30%, também por coronariografia).*” O dia-
gnéstico é tradicionalmente estabelecido quan-
do a compressdo sistélica do segmento intra-
miocérdico é visualizado na coronariografia ou
ultrassonografia intravascular.?? A angioTC car-
dfaca oferece vantagens no diagnéstico pois,
além de ndo ser invasiva, permite avalia¢do do
segmento intramiocdrdico tanto na sistole como
na didstole (mesmo na auséncia de compressdo e
diminui¢@o do calibre do limen no momento da
aquisi¢do das imagens) e pode demonstrar a sua
profundidade e comprimento.®”

A MCH tem um espectro clinico varidvel,
desde formas assintomdticas até casos que
evoluem com insuficiéncia cardfaca grave. No
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referred to as an “ace of spades” configuration,
and the electrocardiogram shows giant negative
T waves in the precordial leads"". These can be
labile and may even disappear over time'>2'#2,

Apical HCM is less common in western
countries (1-7% of HCM patients) but is less
benign®'®29, Tts manifestations (clinical, elec-
trocardiographic, arrhythmogenic, ischemic and
morphological) can be similar to most HCM
cases, and are more frequent with advancing
age!'®?). Moreover, this form has an increased
risk of infarction and apical aneurysm®. The
second case presented is of a patient with apical
HCM and apical aneurysm, probably the result
of previous silent necrosis.

Myocardial ischemia as a manifestation of
HCM can be due to various factors, besides
coronary The
presence of abnormal microvasculature, with
intramural coronary arterioles having thickened
walls due to medial hypertrophy, leads to
reduced lumen diameter and hence a decline

concomitant atherosclerosis.

in vasodilator capacity. At the same time, there
is an imbalance between increased LV mass
and coronary flow, with impaired flow reserve
and raised coronary vascular resistance due to
increased diastolic wall tension secondary to
impaired ventricular relaxation and filling™15%9.

Myocardial bridging, in which a segment of
a major epicardial coronary artery has an intra-
mural course, can also be the cause of ischemia
in HCM. Its prevalence in the general population
has not been definitively established (1.5 to
16% by coronary angiography)®, but it is more
common in patients with HCM (up to 30% by
angiography)®). Diagnosis is traditionally made
when systolic compression of the intramyocardial
segment is detected on coronary angiography or
intravascular ultrasound®. Cardiac CTA has
advantages for diagnosis since, besides being
non-invasive, it can assess the intramyocardial
segment in both systole and diastole (even in the
absence of compression and reduction in lumen
diameter at the time of image acquisition) and
can determine its depth and length®".

The clinical spectrum of HCM ranges from
absence of symptoms to cases that evolve tosevere
heart failure. However, the most devastating
aspect of its natural history is its association with
sudden cardiac death in young adults, including
trained athletes, with an annual mortality rate of
1-1.49%0:318)_
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entanto, o componente mais devastador da sua
histéria natural é a possibilidade de originar
morte stibita e inesperada em individuos jovens,
incluindo atletas treinados, tendo uma taxa de
mortalidade anual de 1-1.4%.1519

A implantagdo de CDI como prevencdo de
arritmias malignas em doentes com MCH deve
ser considerada quando estd presente pelo menos
um dos seguintes factores de risco: paragem
cardfaca prévia, TV espontinea (mantida ou
ndo mantida), histéria familiar de morte stbita,
sfncope inexplicada, espessura da parede ven-
tricular esquerda >30mm e evolugdo anormal da
pressdo arterial na prova de esforgo (indicagdo
classe Ila, nivel de evidéncia C). Esta é uma
populagdo de alto risco, onde a mortalidade
anual pode chegar aos 6% No primeiro caso
apresentado, a demonstragdo da presenca de
MCH em doente com histéria de sincopes que
colocou a indica¢do para a implanta¢do de um
CDL

CONCLUSAO

Nos casos apresentados a AngioTC car-
dfaca permitiu uma delineagdo adequada da
espessura miocdrdica em todos os segmentos do
ventriculo esquerdo, bem como avaliagdo das
cavidades cardfacas. Isto permitiu estabelecer o
diagnéstico de MCH, num doente como achado
e noutro confirmando a suspeita estabelecida
por ecocardiograma. Para além disso, por ter
permitido uma coronariografia ndo invasiva,
pode-se excluir doenga corondria significativa,
principal indicagdo para este exame.?”

Assim, a AngioTC pode ter um papel de-
terminante no diagnéstico de MCH em casos
de localizagdes atipicas da hipertrofia, como
localizagdes apicais. Permite uma avaliagdo
corondria ndo invasiva, ttil como diagnéstico
diferencial e na avaliagdo pré-operatéria nos
doentes com indicagdo cirdrgica. Finalmente, a
miocardiopatia hipertréfica pode ser um achado
em doentes que efectuam AngioTC cardfaca por
outros motivos, podendo determinar alteragdes
de terapéuticas e / ou de seguimento.
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Implantation of an ICD as a preventive
measure against malignant arrhythmias should
be considered in HCM patients with any of the
following risk factors: previous cardiac arrest,
spontaneous ventricular tachycardia (sustained
ornon-sustained), family history of sudden death,
unexplained syncope, LV wall thickness >30
mm, or abnormal blood pressure changes during
exercise testing (class Ila recommendation, level
of evidence C). Annual mortality in this high-
risk population can reach 6% In the first case
presented, evidence of HCM in a patient with a
history of syncope constituted an indication for
ICD implantation.

CONCLUSION

In the cases presented, cardiac CTA was
able to determine myocardial thickness in all
LV segments, as well as assessing the cardiac
chambers. This led to detection of HCM in one
patient and confirmation of suspected HCM based
on echocardiography in the other. In addition, as
a form of non-invasive coronary angiography, it
also excluded the presence of significant CAD,
the main indication for this type of exam®.

Computed tomography angiography can
thus make an important contribution in the
diagnosis of atypical forms of HCM, such as
apical hypertrophy. It enables non-invasive
assessment of the coronary arteries, which is
useful for differential diagnosis and pre-operative
evaluation in patients with indication for surgery.
Finally, cardiac CTA performed for other reasons
may detect hypertrophic cardiomyopathy, and
thus lead to modification of therapy and/or
follow-up.
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Case report

57-YEAR-OLD WOMAN PRESENTED WITH ATYPICAL
Acomplaints of fatigue. Her past medical history
and physical examination were unremarkable.
Electrocardiogram and echocardiogram were normal.
Treadmill exercise testing was positive for ischae-
mia and myocardial perfusion scan was suggestive of
mild anterior wall ischaemia, more pronounced in
the apical segment. Cardiac catheterisation revealed a
preserved ejection fraction (70%), no abnormal wall
kinetics and no significant lesions in the left main,
left descendant, and circumflex arteries. The right
coronary artery was not catheterised, but contrast
medium injection in the left main artery filled the
right coronary artery retrogradely into (apparently)
the left coronary sinus.

Correspondence to: C. Sousa, Centro Hospitalar Lisboa Norte — Hospital Pulido
Valence, Alameda Linhas Torres 117, 1769-001 Lisboa, Porcugal. Tel:
00351-217548000; E-mail: sousa.cat@gmail.com

Computed tomographic coronary angiography
was performed with a 64-slice scanner and the
intravenous contrast medium injection showed the
right coronary artery arising from the pulmonary
trunk and being filled retrogradely from the left
coronary circulation — no significant atherosclerotic
lesions were identified (Fig 1). With a heart rate of
83 beats per minute and the use of electrocardio-
graphic pulsing and 100 kilovolts, it was possible
to perform low-radiation dose cardiac computed
tomography at 4,1 milisievert.

A stress echocardiogram with dobutamine and
atropine was negative for ischaemia.

The patient has been asymptomatic and is under
beta-blocker; the decision not to intervene surgi-
cally was taken as no ischaemia from the right
coronary artery territory is demonstrable.
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Figure 1.
The top two images represent volume-rendering technique reconstructions and the bottom two images are maximum intensity projection — the
right coronary artery can be seen arising from the pulmonary trunk.
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KEYWORDS Abstract Anomalous origin of coronary arteries represents a clinical challenge because of the
Anomalous origin of anatomical variability and possible functional consequences, the pathophysiological mecha-
coronary arteries; nisms involved, and the lack of large published series that would provide evidence to guide the
Cardiac CT; clinical and therapeutic approach. The authors describe the case of a 55-year-old male patient
Sudden death with a long history of atypical chest pain who was considered to have a low to intermediate

likelihood of coronary artery disease. Therefore, and also bearing in mind his physical limita-
tions (congenital left leg atrophy), he was referred for cardiac CT to rule out coronary artery
disease. The exam showed a left coronary artery arising from the right coronary cusp and with
an interarterial course, between the aorta and pulmonary trunk. Although this is a potentially
malignant anatomical variant with surgical indication, a conservative approach was chosen,
considering the late diagnosis and particular risk-benefit profile.

© 2011 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espana, S.L. All rights

reserved.
PALAVRAS-CHAVE Origem anémala da coronaria esquerda: variante interarterial maligna com evolugao
Origem anémala das clinica benigna
coronarias;
AngioTC cardiaca; Resumo A origem andmala das artérias corondrias constitui um importante desafio clinico pela
Morte stbita variabilidade anatomica, possiveis repercussoes funcionais, mecanismos fisiopatologicos impli-

cados e também pela auséncia de grandes séries na literatura que fornecam solida evidéncia
cientifica para a sua orientacao clinica e terapéutica.

* Please cite this article as: Carvalho, S., et al. Origem anémala da coronaria esquerda: variante interarterial maligna com evolugao
clinica benigna. Rev Port Cardiol 2012. doi:10.1016/j.repc.2011.11.010
* Corresponding author.
E-mail address: mariasalomecarvalho@gmail.com (M.S. Carvalho).

2174-2049/5 - see front matter © 2011 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espaia, S.L. All rights reserved.
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Os autores descrevem o caso de um doente de 55 anos, com antecedentes de hipertensao,
dislipidemia e atrofia congénita da perna esquerda, que se apresentou com quadro de dor
retroesternal atipica com um ano de evolucao. Tendo em conta os fatores de risco cardiovascu-
lares e exames complementares de diagnostico previamente realizados, considerou-se ser um
doente com probabilidade baixa a intermédia de doenca coronaria. Assim, e pela sua limitacao
funcional, realizou angioTC cardiaca que revelou uma origem anémala da coronaria esquerda na
cUspide coronaria direita e com trajeto entre a aorta e a artéria pulmonar. Embora esta seja uma
variante anatomica com potencial evolucao maligna, optou-se por uma atitude conservadora
apos ponderacéo do risco-beneficio no contexto clinico deste doente.

© 2011 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espafa, S.L. Todos os

direitos reservados.

Introduction

Coronary artery anomalies are the third leading cause of
sudden death in young athletes'; their incidence in healthy
individuals is estimated at 0.3-1%.2

Various different anomalies have been described, and
classifications have been proposed based on anatomy
(anomalies of origin, course and termination) and on prog-
nosis (with or without clinical significance).? With regard to
the latter, most anomalies have no clinical significance and
thus require no specific treatment.?

However, congenital coronary artery fistulas, myocardial
bridging and anomalous origin in the pulmonary artery can
be associated with malignant evolution.

Another potentially serious anomaly is origin of a
coronary artery from the contralateral coronary sinus,
which can lead to myocardial ischemia and sudden death
when it courses between the aorta and pulmonary artery
(interarterial course). Other courses—retroaortic, prepul-
monary and subpulmonary, and septal—are considered
benign.*®

Origin of the left coronary artery in the right sinus of
Valsalva is rare, with an estimated incidence of 0.09-0.11%
in patients undergoing coronary angiography,® but it is fre-
quently associated with sudden cardiac death during intense
physical activity and in adolescents and young adults, half
of whom were previously asymptomatic.”® An interarterial
course is seen in most of these patients’; their poor prog-
nosis may be due to the acute angle of the artery from the
ostium, stretching of the intramural segment, or compres-
sion between the commissure of the right and left coronary
cusps.®

Cardiac CT angiography is a recent and valuable com-
plementary exam that has high spatial resolution and
provides three-dimensional views of the coronary arteries,
with better definition of their origin and proximal por-
tion, course, and relations with other cardiac structures
than conventional angiography.'® The increasing popu-
larity of this technique has greatly improved detection
of coronary artery anomalies, which has made -clini-
cal decision-making more difficult, since there is, and
is unlikely to be, sufficient evidence on which to base
therapeutic strategies in doubtful cases such as the one
presented.
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Figure 1  Multiplanar reconstruction. Ao: aorta; PA: pul-
monary artery; LM: left main.

Figure 2  Multiplanar reconstruction. Ao: aorta; PA: pul-
monary artery; LCA: left coronary artery.

Case report

A 54-year-old male patient was assessed in the cardiol-
ogy outpatient clinic for atypical chest pain of about one
year’s evolution. He reported no other relevant cardiovas-
cular symptoms, including fatigue, dyspnea, palpitations or
syncope.

His cardiovascular risk factors included hypertension and
dyslipidemia; he also had congenital left leg atrophy. He was
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Figure 3

medicated with simvastatin, propanolol, candesartan and
aspirin.

The electrocardiogram showed sinus rhythm with incom-
plete right bundle branch block but no other significant
alterations. He had undergone myocardial perfusion scintig-
raphy with adenosine a year before, which was negative for
ischemia.

To clarify the clinical picture and since he was considered
to have a low to intermediate likelihood of coronary artery
disease, and also bearing in mind his physical limitations,
he was referred for cardiac CT to rule out coronary artery
disease. The exam showed a left coronary artery arising from
the right coronary cusp and with an interarterial course,
between the aorta and pulmonary trunk (Figures 1-3). No
coronary plaque was detected and his calcium score was 0.

Given the clinical context of his age (54 years) and
absence of typical angina or syncope, it was decided to
perform ischemia testing. Although imaging exams such
as dobutamine stress echocardiography, myocardial per-
fusion scintigraphy and magnetic resonance imaging have
higher sensitivity and specificity for ischemia testing, tread-
mill exercise testing was chosen in order to determine the
patient’s actual maximum functional capacity. Beta-blocker
therapy was suspended for the test.

The patient achieved maximal exercise (3min 12s with
the Bruce protocol), reaching the maximum predicted heart
rate with no angina or ST-segment alterations suggestive of
ischemia, and with no arrhythmias. In the light of this result,
it was decided to keep the patient under clinical surveillance
with no referral for cardiac surgery.

Discussion

Although there is still disagreement on the subject, some
guidelines recommend surgical coronary revascularization
in patients with anomalous left coronary artery arising from
the right sinus of Valsalva and coursing between the aorta
and pulmonary artery (class | recommendation, level of evi-
dence B in the ACC/AHA guidelines for the management
of adults with congenital heart disease).!" When the right
coronary has an anomalous origin, ischemia testing is rec-
ommended before referral for surgical correction (class |
recommendation, level of evidence B).

Volume-rendering technique. Ao: aorta; RVOT: right ventricular outflow tract; LM: left main.

However, this case had some unusual aspects: the patient
was older than the age-group most affected; he had no
symptoms that were unequivocally associated with anoma-
lous origin of the coronary arteries, particularly typical
exertional angina or history of syncope; and no ischemia
was documented on exercise testing, in which the patient
achieved the limit of his functional capacity (maximum pre-
dicted heart rate) without the effect of beta-blockers. The
patient’s congenital left leg atrophy may paradoxically have
had a protective effect by preventing him from performing
strenuous exercise, which can trigger malignant arrhythmias
in this situation.

Therefore, considering all factors, it was decided that
the risk-benefit ratio favored a conservative approach.
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KEYWORDS Abstract We report the case of a 40-year-old man with known Marfan syndrome who pre-
Cardiac CT; sented with severe aortic valve regurgitation secondary to significant aortic root dilatation. To
Marfan syndrome; rule out coronary artery disease and to evaluate the rest of the thoracic aorta before surgery,
Aortic aneurysm cardiac computed tomography (CT) was performed. A brief review of the literature shows

how cardiac CT can, in selected cases, rule out coronary artery disease before non-coronary
cardiothoracic surgery.
© 2012 Sociedade Portuguesa de Cardiologia Published by Elsevier Espafa, S.L. All rights

reserved.
PALAVRAS-CHAVE Sindrome de Marfan com aneurisma da aorta ascendente - importéancia da angioTC
AngioTC cardiaca; cardiaca

Sindrome de Marfan;

Aneurisma da aorta Resumo Descrevemos o caso de um doente de 40 anos de idade com Sindrome de Marfan, que

apresenta regurgitacao valvular adrtica grave, secundaria a dilatacao severa da raiz aortica.
Para excluir a presenca de doenca coronaria e estudar os restantes segmentos aorticos antes da
cirurgia, foi realizada uma angioTC cardiaca.Uma breve revisao da literatura demonstra como,
em determinados contextos, a angioTC cardiaca pode ter vantagens na exclusao de doenca
coronaria antes de cirurgia cardio-toracica nao coronaria.

© 2012 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espaia, S.L. Todos os
direitos reservados.
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Case report

We report the case of a 40-year-old man with no known
cardiovascular risk factors who was diagnosed with Marfan
syndrome at the age of 32. His medical history included
gastroesophageal reflux syndrome and previous ophthalmic
surgery for lens dislocation and orthopedic surgery on the
tibial-tarsal joints. He was being medicated with bisoprolol
and pantoprazole.

For the previous six months he had presented worsening
exercise dyspnea and had marked limitation in activity due
to symptoms (NYHA class II-Ill).

The echocardiogram showed severe aortic valve regurgi-
tation secondary to significant aortic root dilatation (64 mm
diameter at the Valsalva sinus) and left ventricular dilata-
tion, but with normal systolic function.

To exclude coronary artery disease and simultaneously
to evaluate the rest of the thoracic aorta, cardiac com-
puted tomography (CT) was performed (including the
thoracic aorta). This exam ruled out coronary artery disease
(Figure 1) and confirmed the presence of significant aortic
root dilatation (70 mm), the rest of the aorta being normal
(Figure 2).

The patient was referred for surgery, with no need for
invasive catheterization. He underwent a Bentall procedure
with implantation of an aortic conduit and a prosthetic aor-
tic valve (29 mm St. Jude). There were no complications
after surgery, the echocardiogram showing the prosthetic
aortic valve with normal motion and the conduit function-
ing correctly. The patient was discharged six days later and
warfarin was added to his medication.

At 6-month follow-up the patient was asymptomatic and
free from cardiovascular events.

Discussion

Marfan syndrome is the most common inherited multi-
systemic disorder of connective tissue, with a reported
incidence of 2-3 per 10000 population, without gender,
racial, or ethnic predilection." Its cardiovascular features
were first outlined by McKusick in 19552; according to the
current diagnostic criteria major cardiovascular manifes-
tations include dilatation of the ascending aorta, with or
without dissection.?

In the presence of ascending aorta dilatation, prophy-
lactic surgery is recommended when the diameter of the
ascending aorta at the aortic sinuses reaches 4.5 cm, or in
some cases even less (when there is a family history of aor-
tic dissection, in the presence of rapid aortic dilatation or
severe aortic valve regurgitation, or when a valve-sparing
operation is possible). "

In the case reported, the presence of severe aortic root
dilatation (>60 mm) with associated aortic valve regurgita-
tion was a clear indication for surgery.

Although the patient had no angina, obstructive coro-
nary artery disease was ruled out prior to aortic surgery.
This evaluation should be performed in asymptomatic male
patients over the age of 40 or postmenopausal women, and
is also indicated for patients with previous coronary artery
disease, symptoms of left ventricular dysfunction, presumed
ischemic mitral regurgitation or one or more cardiovascular
risk factor.*

Figure 1

Cardiac computed tomography: multiplanar reconstructions ruling out significant coronary artery disease. LAD: left

anterior descending artery; LCX: left circumflex artery; OM: obtuse marginal artery; RCA: right coronary artery.
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Figure2  Aortic root dilatation seen in cardiac computed tomography volume-rendered image (A) and in intraoperative photograph

(B).

Traditionally, the study of coronary artery anatomy is
performed through invasive angiography. However, this can
also be safely done with cardiac CT>® taking advantage of
the high negative predictive value of this exam®; this is
one indication for which cardiac CT can replace invasive
angiography.”

This approach can be applied to a high percentage of
patients when study of coronary artery anatomy is indicated
prior to valvular or aortic surgery, as it is more convenient
and less invasive than invasive coronary angiography. Fur-
thermore, some patient subsets may derive greater benefit
from this approach, when there is higher iatrogenic poten-
tial (such as in the presence of aortic dissection or aortic
valve thrombus/vegetations) or when coronary catheteriza-
tion would be difficult (such as in the presence of aortic
root dilatation or anomalous coronary artery origin). In these
cases, cardiac CT, avoiding the need for potential prolonged
invasive cardiac catheterization, reduces not only radia-
tion and contrast doses, but also the risk of complications.
Among the latter, aortic dissection has been described as a
rare (0.04%) but serious complication of cardiac catheter-
ization and was found to be associated with the use of
non-conventional catheters.?

The risk of contrast-induced nephropathy should be
weighed when coronary angiography is considered. Since
there are no differences in the contrast dose used in coro-
nary angiography performed invasively or by cardiac CT,’ this
risk should be similar with both techniques.

In the case reported, there were two risk factors for
complications with invasive coronary angiography: the pres-
ence of aortic root dilatation and severe aortic valve
regurgitation. This favored the choice of cardiac CT to
study the cardiac anatomy, which was safe, ruled out coro-
nary artery disease and simultaneously provided detailed
anatomy of the thoracic aorta.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Confidentiality of data. The authors declare that they have
followed the protocols of their work center on the publica-
tion of patient data and that all the patients included in the
study received sufficient information and gave their written
informed consent to participate in the study.

Right to privacy and informed consent. The authors have
obtained the written informed consent of the patients or
subjects mentioned in the article. The corresponding author
is in possession of this document.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. Ammash NM, Sundt TM, Connolly HM. Marfan syndrome-diagnosis

and management. Curr Probl Cardiol. 2008;33:7-39.

2. McKusick VA. The cardiovascular aspects of Marfan’s Syn-
drome: a heritable disorder of connective tissue. Circulation.
1955;11:321-42.

. Loeys BL, Dietz HC, Braverman AC, et al. The revised Ghent
nosology for the Marfan syndrome. J Med Genet. 2010;47:
476-85.

. Vahanian A, Baumgartner H, Bax J, et al. Guidelines on the
management of valvular heart disease: The Task Force on the
Management of Valvular Heart Disease of the European Society
of Cardiology. Eur Heart J. 2007;28:230-68.

w

EN

130



62

Locument downioaded 1rom NTp:/Np://WwWw.€lSevier.pt, day 1//U3/2013. 1Nis Copy IS Tor personal use. Any ransmission of this document by any media Or format is Strictly pronioited.

P.J. Sousa et al.

5. Bettencourt N, Rocha J, Carvalho M, et al. Multislice com-
puted tomography in the exclusion of coronary artery disease in
patients with presurgical valve disease. Circ Cardiovasc Imaging.
2009;2:306-13.

. Schroeder S, Achenbach S, Bengel F, et al. Cardiac com-
puted tomography: indications, applications, limitations, and
training requirements: report of a Writing Group deployed
by the Working Group Nuclear Cardiology and Cardiac
CT of the European Society of Cardiology and the Euro-
pean Council of Nuclear Cardiology. Eur Heart J. 2008;29:
531-56.

o

131

7. Gongalves PA, Marques H. Cardiac CT: the end of invasive coro-
nary angiography as a diagnostic procedure? Rev Port Cardiol.
2009;28:825-42.

8. Gomez-Moreno S, Manel Sabaté M, Jiménez-Quevedo P, et al.
latrogenic dissection of the ascending aorta following heart
catheterisation: incidence, management and outcome. Euroln-
tervention. 2006;2:197-202.

9. Ehara M, Kawai M, Surmely JF, et al. Diagnostic accuracy of
coronary in-stent restenosis using 64-slice computed tomogra-
phy: comparison with invasive coronary angiography. J Am Coll
Cardiol. 2007;49:951-9.



ARTIGO 10/ MANUSCRIPT 10:

+Model
REPC-286; No. of Pages6

Rev Port Cardiol. 2013;XxXX(XX):XXX=XXX

Reyista Portyguesa de

Revista Portuguesa de

Cardiologia

Portuguese Journal of Cardiology

ELSEVIER .
DOYMA www.revportcardiol.org

ORIGINAL ARTICLE

Diagnostic yield of current referral strategies for elective
coronary angiography in suspected coronary artery disease—
An analysis of the ACROSS registry

Miguel Borges Santos*, Ferreira Anténio Miguel, de Aradjo Goncalves Pedro,
Luis Raposo, Rui Campante Teles, Manuel Almeida, Miguel Mendes

Departamento de Cardiologia, Hospital de Santa Cruz, Lisboa, Portugal

Received 5 September 2012; accepted 1 November 2012

KEYWORDS Abstract

Coronary Introduction and Objectives: The purpose of this study was to assess the diagnostic yield of
angiography; current referral strategies for elective invasive coronary angiography (ICA).

Chest pain/diagnosis; Methods: We performed a cross-sectional observational study of consecutive patients without
Stable angina; known coronary artery disease (CAD) undergoing elective ICA due to chest pain symptoms. The
Myocardial ischemia proportion of patients with obstructive CAD (defined as the presence of at least one >50%

stenosis on ICA) was determined according to the use of noninvasive testing.

Results: The study population consisted of 1892 individuals (60% male, mean age 64+11 years),
of whom 1548 (82%) had a positive noninvasive test: exercise stress test (41%), stress myocar-
dial perfusion imaging (36%), stress echocardiogram (3%) or coronary computed tomography
angiography (3%). Referral without testing occurred in 18% of patients. The overall prevalence
of obstructive CAD was 57%, higher among those with previous testing (58% vs. 51% without pre-
vious testing, p=0.026) and when anatomic rather than functional tests were used (81.3% vs.
57.1%, p=0.001). A positive test and conventional risk factors were all independent predictors of
obstructive CAD, with adjusted odds ratios (95% confidence interval) of 1.34 (1.03-1.74) for non-
invasive testing, 1.05 (1.04-1.06) for age, 3.48 (2.81-4.29) for male gender, 1.86 (1.32-2.62)
for current smoking, 1.74 (1.38-2.20) for diabetes, 1.30 (1.04-1.62) for hypercholesterolemia,
and 1.39 (1.08-1.80) for hypertension.

Conclusions: More than 40% of patients without known CAD undergoing elective ICA did not
have obstructive lesions, even though four out of five had a positive noninvasive test. These
exams were relatively weak gatekeepers; functional tests were more often used but appeared
to be outperformed by the anatomic test.
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reserved.
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PALAVRAS-CHAVE
Angiografia coronaria;
Dor
toracica/diagnostico;
Angina estavel;
Isquémia miocardica

Rendimento das atuais estratégias de referenciacao para coronariografia eletiva
por suspeita de doenga coronaria—analise do registo ACROSS

Resumo

Introdugdo e objetivos: O objetivo do estudo foi avaliar o rendimento das atuais estratégias de
referenciacao eletiva para coronariografia invasiva.

Métodos: Estudo transversal de individuos consecutivos sem doenca coronaria conhecida sub-
metidos a coronariografia por dor toracica. Determinacao da prevaléncia de doenca coronaria
obstrutiva (definida pela presenca de pelo menos uma estenose > 50%) de acordo com a
utilizacao de testes nao-invasivos para despiste de cardiopatia isquémica.

Resultados: Foram avaliados 1892 individuos (60% homens, idade média 64 + 11 anos), dos
quais 1548 (82%) tinham um teste ndo-invasivo positivo: prova de esforco (41%), cintigrafia de
perfusao miocardica (36%), ecocardiograma de stress (3%) e angiografia coronaria por tomografia
computorizada (3%). Ocorreu referenciacao sem teste prévio em 18% dos doentes. A prevaléncia
global de doenca obstrutiva foi 57%, sendo mais elevada nos doentes submetidos a testes nao-
invasivos (58% versus 51% nos doentes sem testes prévios, p = 0,026) e naqueles em que o teste
era anatomico versus funcional (81,3% versus 57,1%, p = 0,001). Um teste nao-invasivo positivo
e fatores de risco convencionais foram preditores independentes de doenca obstrutiva, com
odds-ratio ajustado (intervalo confianca 95%) de: teste nao-invasivo 1,34 (1,03-1,74), idade
1,05 (1,04-1,06), sexo masculino 3,48 (2,81-4,29), tabagismo ativo 1,86 (1,32-2,62), diabetes
1,74 (1,38-2,20), hipercolesterolemia 1,30 (1,04-1,62) e hipertensao 1,39 (1,08-1,80).
Conclusées: Mais de 40% dos doentes sem doenca coronaria conhecida que realizam coronar-
iografia eletiva nao tém doenca obstrutiva, apesar de quatro em cada cinco ter um teste
nao-invasivo positivo. Estes testes sao gatekeepers relativamente fracos; os funcionais foram
utilizados mais frequentemente mas o anatémico pareceu ter melhor desempenho.

© 2012 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espafa, S.L. Todos os
direitos reservados.

Methods

List of abbreviations

CAD coronary artery disease Population

CCTA  coronary computed tomography angiography
ECG electrocardiogram

ICA invasive coronary angiography

SPECT single-photon emission computed tomography

This was an observational, cross-sectional study performed
at a single hospital center serving an urban population
of 900 000 inhabitants in Lisbon, Portugal. The study
population consisted of all patients referred for elec-
tive ICA for evaluation of chest pain symptoms between
January 2006 and November 2010. Patients’ referral
for ICA and the decision to perform previous noninva-
sive testing, including the testing modality, were left
to the discretion of attending physicians. Noninvasive
testing was performed mostly at private practice facili-
The evaluation of patients with suspected coronary artery ties.

disease (CAD) is based on clinical assessment, often supple- The modalities of noninvasive testing were exercise
mented by noninvasive tests which serve as gatekeepers for electrocardiogram (ECG) stress testing, stress myocar-
invasive coronary angiography (ICA).'-3 ICA is the diagnostic ~dial single-photon emission computed tomography (SPECT),

Introduction

gold standard for CAD but is costly, has limited availability
and carries a risk of complications related to its invasive
nature.* The aims of performing noninvasive testing in this
setting include minimizing unnecessary risks and costs, and
identifying patients who will benefit from revascularization.
However, despite the frequent use of noninvasive testing, a
significant proportion of patients undergoing ICA do not have
obstructive CAD or are not eligible for revascularization.>®
The purpose of this study was to assess current patterns of
noninvasive testing and to appraise their diagnostic yield
among symptomatic patients undergoing ICA for suspected
CAD.

stress echocardiography and coronary computed tomo-
graphy angiography (CCTA). ‘Ischemic changes’ on the
resting ECG were not considered noninvasive testing.
The following exclusion criteria were applied sequen-
tially: non-elective setting (acute coronary syndrome),
previously known CAD (defined as previous acute coro-
nary syndrome, revascularization procedure or documented
coronary stenosis >50% on previous ICA), preopera-
tive evaluation, presenting symptom other than chest
pain, negative noninvasive test result and incomplete
information on patients’ clinical characteristics or ICA
result.

http://dx.doi.org/10.1016/j.repc.2012.11.008
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11523 coronary angiography
procedures (2006-2010)
_>‘ ACS setting, n=4044 (35.1%) ‘
—> | Prior CAD, n=2465 (21.4%) |
—b‘ Preop evaluation or other, n=2162 (18.8%)
Presenting symptom other
—>
than chest pain, n=927 (8.0%)
Negative noninvasive test or
incomplete information, n=33 (0.3%)
A4
1892 patients referred for elective
coronary angiography for the
evaluation of chest pain
1548 (81.8%) with a 344 (18.2%)
positive noninvasive test without previous testing
Figure 1  Selection of the study population. ACS: acute coronary syndrome; CAD: coronary artery disease; preop: preoperative.

Patient evaluation

Data on demographic characteristics, cardiovascular risk
factors, type of noninvasive testing and results of coronary
angiography were prospectively collected in the ongoing
ACROSS (Angiography and Coronary Revascularization On
Santa cruz hoSpital) registry, approved by the local ethics
committee. The diagnoses of hypertension, hypercholester-
olemia and diabetes (regardless of type, duration or current
treatment) were assigned if indicated in the patients’
referral letter or if the patient was being treated with anti-
hypertensive or lipid-lowering drugs, oral antidiabetics or
insulin. To avoid underdiagnosis, obstructive coronary was
defined as a >50% reduction in vessel diameter as compared
to a nondiseased proximal segment. This broad definition of
obstructive CAD was not used as a criterion for revasculari-
zation.

Statistical analysis

Data are presented as counts (%), medians (interquartile
range) or means + standard deviation. Categorical varia-
bles were compared using Fisher’s exact test. Continuous
variables were compared by means of the t test. Patients
with and without obstructive CAD were compared for dif-
ferences in age, gender, body mass index, prevalence of
cardiovascular risk factors and use of noninvasive testing.
Variables that showed significant association with obstruc-
tive CAD (p<0.10) in univariate analysis were included in a
binary logistic regression model to identify independent pre-
dictors. Temporal differences during the study period in the
prevalence of obstructive CAD and the use of noninvasive

testing were assessed using the chi-square test for trend. A
two-sided p-value of less than 0.05 was considered to indi-
cate statistical significance. All analyses were performed
using the statistical package SPSS® version 17.0 (SPSS, Inc.,
Chicago, IL).

Results

During the study period, 11 523 patients underwent ICA
at our hospital. After the exclusion criteria were applied
(Figure 1), 1892 patients were included in the analysis.

Most patients (81.8%, n=1548) were referred after a
positive noninvasive test. On ICA, the overall prevalence
of obstructive CAD was 56.7% (1072/1892). One-vessel,
two-vessel or three-vessel/left main disease were identi-
fied in 21.1% (n=398), 17.1% (n=323) and 18.6% (n=351)
of patients, respectively. The prevalence of obstructive
CAD was lower in patients referred without previous non-
invasive testing than in those with a positive test (51.2%
vs. 57.9%, p=0.026). Myocardial revascularization (percu-
taneous coronary intervention or referral for coronary
artery bypass grafting) was performed in 46.7% (n=883) of
patients.

Increasing age, male gender, traditional cardiovascular
risk factors and positive noninvasive testing were predictors
of obstructive CAD in univariate and multivariate analysis
(Table 1).

There were no significant temporal differences in the
prevalence of obstructive CAD during the study period,
despite a significant increase in the proportion of patients
undergoing noninvasive testing (Figure 2). Exercise stress
testing and stress SPECT were the most used tests,
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Table 1  Population characteristics.
Total Univariate analysis Multivariate analysis
Obstructive CAD  No obstructive p Adjusted  95% CI p
(n=1072) CAD (n=820) odds ratio
Age, years 64+11 65.7+10.4 61.7+11.0 <0.001 1.05 1.04-1.06 <0.001
Male, n (%) 1141 (60.3%) 769 (71.7%) 372 (45.4%) <0.001 3.48 2.81-4.29 <0.001
Body mass index, kg/m? 28.0+£3.9 27.6+3.9 28.0+4.5 0.030 0.98 0.96-1.01  0.240
Cardiovascular risk factors, %
Hypertension 78.4% 81.3% 74.6% <0.001 1.39 1.08-1.80 0.011
Diabetes 27.5% 32.5% 21.1% <0.001 1.74 1.38-2.20 <0.001
Smoking 11.4% 13.2% 8.9% 0.003 1.86 1.32-2.62 <0.001
Hypercholesterolemia 69.2% 71.9% 65.7% 0.004 1.30 1.04-1.62 0.019
Previous positive noninvasive testing ~ 81.8% 83.6% 79.5% 0.026 1.34 1.03-1.74  0.028
CAD: coronary artery disease; Cl: confidence interval.
accounting for more than 90% of noninvasive testing. CCTA 100 [ Obstructive CAD
use increased significantly from 2006 to 2010. 904 B Revascularization
The rates of obstructive coronary artery disease and o0 81.3
myocardial revascularization according to type of noninva-
sive testing are presented in Figure 3. Comparing functional 704 07
and anatomic tests, the prevalence of obstructive CAD 60 w22 50 593 58.3
(57.1% vs. 81.3%, p=0.001) was higher in the latter group. 2 50 -
44.0 426
40+
Discussion 30|
20
Diagnostic yield of the current referral strategy 101
In our European, urban clinical setting, less than 57% of Exercise ECG  Stress SPECT Stress echo Coronary CTA
patients referred for elective ICA for evaluation of chest (n=768) (n=678) (n=54) (n=48)
pain symptoms had obstructive lesions (defined by a broad  Figyre 3 Rate of obstructive coronary artery disease and

criterion of >50% luminal stenosis), despite the fact that
four out of five patients had undergone previous testing.
Noninvasive testing was frequently used but was only a
weak independent predictor of obstructive CAD (OR 1.34,
p=0.028). This apparently low performance of noninvasive

myocardial revascularization according to type of noninvasive
testing. CAD: coronary artery disease; CTA: computed tomo-
graphy angiography; ECG: electrocardiogram; Echo: echocar-
diogram; SPECT: single-photon emission computed tomography.

901 p=0.008
12006
80 — 72007
[12008
70 2009
p=0.514 2010
601 —
50
0 p=0.457
B p=0.603
40
30
207
- <0.001
10 p=0.159 P
Prevalence of Noninvasive Exercise Stress Stress Coronary
obstructive CAD testing ECG SPECT echo CTA

Figure 2 Trends of noninvasive testing between 2006 and 2010. CAD: coronary artery disease; CTA: computed tomography
angiography; ECG: electrocardiogram; Echo: echocardiogram; SPECT: single-photon emission computed tomography.
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tests as gatekeepers for ICA has several possible explana-
tions. One is that the performance of these tests in the ‘‘real
world’’ is worse than that reported in the literature from
large experienced centers. Another explanation would be a
low pretest probability of obstructive CAD in this population,
resulting in a relatively large absolute number of patients
without obstructive disease undergoing ICA.” A third hypoth-
esis, supported by increasing evidence,®?® is that the pretest
likelihood of angiographically significant CAD may be over-
estimated when calculated on the basis of age, gender and
chest pain characteristics in accordance with the seminal
work of Diamond, Forrester and Pryor.%°

The yield of any diagnostic test depends on the pretest
likelihood of the patients in whom it is used and on the
way the test modifies that probability. Ideally, a positive
noninvasive test should increase the probability of obstruc-
tive disease to a level that justifies performing ICA, and
a negative test should reduce that likelihood to a level
at which obstructive CAD can be safely ruled out. While
ICA will always be performed on some patients without
coronary lesions, the 2011 standards for catheterization
laboratory accreditation from the Accreditation for Cardio-
vascular Excellence organization suggest that the incidence
of non-obstructive disease in elective patients should be
<40%. In the interests of individual patients and of overall
healthcare cost-effectiveness, extreme rates are undesir-
able. Recently, Genders et al. reported a rate of obstructive
CAD of 58% (ranging from 39.4% to 75.5%) in a multicen-
ter study involving 11 European hospitals. In the USA, Patel
et al.’> reported an overall rate of 41% of patients with
obstructive CAD in the National Cardiovascular Data Reg-
istry, although this varied significantly between different
centers, from 23 to 100%."" Taken together, these studies
suggest that better gatekeepers are needed. Our findings are
in line with both these studies, underlining the relatively low
prevalence of obstructive CAD on ICA in a population with a
high frequency of noninvasive testing.

We were also able to assess differences between non-
invasive tests. It should be noted that our findings are
mainly the result of using functional tests, particularly
exercise ECG and stress SPECT, which accounted for more
than 90% of testing, as gatekeepers for ICA. Although the
proportion of obstructive CAD was higher in the CCTA
group than for functional tests, it is uncertain whether
the overall results would have been different if anatomic
tests had been used more frequently. There is some evi-
dence that CCTA may be a useful and cost-effective
gatekeeper for ICA (particularly in patients with interme-
diate to low pretest probability), reducing the number
of patients without obstructive CAD referred for inva-
sive testing.'>"'” Recent guidelines for the management
of patients with chest pain from the United Kingdom’s
National Institute for Health and Clinical Excellence (NICE)
recommend choosing tests according to the pretest prob-
ability of CAD. Functional imaging tests are preferred
for patients with 30-60% pretest probability of disease,
whereas CCTA (preceded by calcium score) is the preferred
method for patients with 10-29% pretest probability.2°
According to these guidelines, ICA should be offered as
the first test to patients with pretest probabilities over
60%. Currently, there is disagreement over which type of
test should be used as first line.?" Results from the US

National Institutes of Health-sponsored PROMISE study (a
clinical endpoint-driven randomized study comparing func-
tional studies with CCTA for the evaluation of patients
with suspected CAD) will hopefully shed more light on this
matter.22:23

Study limitations

Several limitations of this study should be acknowledged.
Since the characteristics of chest pain were not system-
atically assessed and recorded for each patient, it was
not possible to calculate the pretest probability of CAD.
Although the median age and prevalence of risk factors are
compatible with a typical CAD risk population, it is not pos-
sible to ascertain whether the weak predictive power of
noninvasive testing is related to its application to a popula-
tion with low pretest probability. Another pitfall is related to
the dichotomized classification of noninvasive tests as pos-
itive or negative for obstructive CAD. In most tests there is
a continuum of ‘positivity’ which is difficult to address with
this study design. It should also be emphasized that this was
not a randomized trial of noninvasive testing and, as such,
direct comparisons of testing vs. no testing and comparisons
between noninvasive modalities should be interpreted with
caution. The diagnostic performance of noninvasive testing
is dependent on the pretest probability of disease, and the
decision to perform noninvasive testing and the choice of the
test itself depend on the physician’s perception of pretest
probability, which may have differed between the different
diagnostic modalities applied.

Conclusions

Nearly half of patients without known CAD undergoing elec-
tive ICA due to chest pain did not have obstructive lesions,
even though four out of five had a positive noninvasive test.
Functional tests were by far the most commonly used gate-
keepers but were relatively weak predictors of obstructive
CAD and appear to be outperformed by CCTA. There is con-
siderable room for improving the current referral strategy
for ICA.
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